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INTRODUCTION 
During the past decade, knowledge of soil water 
flow under unsaturated conditions has advanced rapidly 
as high speed digital computers have made the solution 
of such initial-boundary-value problems practical. 
The majority of past solutions to unsaturated problems 
have been obtained for isothermal flow in isotropic, 
homogeneous soils. More detailed attention can now be 
devoted to unsaturated transient flow systems in het-
erogeneous soils. Steady state flow conditions do not 
ex; st except under rare condit ions and heterogeneity 
of the soi 1 is the rul e rather than the except ion in 
nature. 
Objectives of this study are to develop the 
solution methodologies for obtaining finite difference 
solutions to unstea9Y flows in unsaturated heteroge-
neous soils utilizing simple parametric equations for 
defining the soils unsaturated' hyEiraul ic properties; 
i.e. the relationship between the water saturation and 
cap"illary pressure and the relationship between the 
un saturated hydraul i c conduct i v ity and cap ill ary 
pressure. Based on this numerical solution capability 
the effect of varying each of the parameters in these 
relationships is to be defined for the problem of 
infiltration from a circular surface area. These 
effects are to be quantified by obtaining a number of 
solutions and studying the differences in them for 
such indexes of infiltration as intake capacities, 
lateral spreading, and depths of penetration. 
A previous report, Nassehzadeh-Tabrizi et al. 
(26) describes meeting these objectives in part. 
Therein the assumption was made that the effect of 
each parameter was independent. This is not entirely 
true. Therefore, in this report the effects vary 
more than one parameter from numerical solution to the 
next one studied. For compl eteness, the numeri cal 
solution methodologies are included. 
At the present time, the mathematical solutions 
for trans ient flow in heterogeneous soil s [with the 
exception of the one by Watson and Whisler (43), in 
which they allowed the saturated hydraul ic conduc-
tivity to vary with depth] have assumed that the 
soil consists of discrete layers of homogeneous soil. 
Assuming discrete layers is little more than a modi-
fication of numerical solution for homogeneous soils 
in which the hydraulic properties are changed between 
finite difference grid points while advancing the 
water through one layer to the next layer of soil. In 
th i s approach the hydraul ic head and pressure head, 
but not the moisture content, are assumed continuous 
across the interface of the two layers. However, the 
differential form of the continuity equation for soil 
water flow is based on having all the dependent 
variables and their derivatives continuous. Only the 
integral form of the continuity equation is valid. 
Consequently the approach for handling layered soils 
is fundamentally invalid. 
Nassehzadeh-Tabrizi et al. (26) presented an 
alternative method that describes soil heterogeneity 
by specifying that the physical and hydraul ic prop-
erties of the soil vary continuously as a function of 
depth. They studied three-dimensional axisymmetric 
un saturated trans i ent flow through heterogeneous 
porous media resulting from water applied at the soil 
surface. In their solution, heterogeneity is de-
scribed by specifying that the hydraulic properties of 
the soil vary continuously with depth. They used the 
Brooks-Corey parametric equations to describe the 
hydraul ic properties of the soil, primarily because 
they give reasonably good fit to much capi 11 ary 
pressure-saturation and capillary pressure-hydraul ic 
conductivity data especially if the soil is being 
desaturated or on the imbibition cycle and not close 
to unit saturation, and involve only three parameters, 
the pore size distribution exponent, A, the bubbling 
pressure, Pb, and the residual saturation, Sr. 
Thus the heterogeneity of the soil is described by 
letting the saturated hydraulic conductivity, Ko , 
the soil porosity, n, as well as A, Pb, and Sr be any 
cont inuous funct ion of the soil depth. Nassehzadeh-
Tabrizi et al. (26) developed coaxial graphs by 
varying only one of these five soil parameters at a 
time. Thus, these previous graphs assume that 
the effect each parameter has on water movement in 
heterogeneous soils is the same regardless of the 
magnitude of the other parameters. That is, no inter-
act ion between parameters exi sts. In referri ng to 
such a possible interactive effect, or lack of inter-
active effect, the terminology "parameters act de-
pendent 1 y" or "parameters act i nd~pe~dent ~y" in 
influencing infiltration charactenst1cs w111 be 
used. 
The specific objective, therefore, is to deter-
mine whether the parameters "act independently" or 
"act dependent 1 y," and i f th~y a~t dependent 1 y ~ow 
significant the dependent act10n 1S .. ~o accompl~sh 
this objective infiltration charactenst1cs result1ng 
with simultaneous variation of parameters will be 
compared to the corresponding characteristics when 
only one parameter is varied at a time. 

BASIC PAST LITERATURE 
In 1856 Darcy (10) observed the characteri stics 
of downward flow of water through saturated sand 
filters, and published his now famous experimental 
law. Darcy's law states that the flow of water through 
a column of saturated soil is directly proportional to 
the grad i ent of the potent i a 1 or head and inversely 
proportional to the length of the column, or 
v = -K flh ~ [lJ 
where V is the Darci an velocity, K is the hydraul ic 
conductivity with dimensions of velocity, flh is fl(P/pg 
+ z), the difference in hydraulic head~ and ~ is the 
length of the column. 
Th i s bas i claw of so il water flow was found 
originally for one-dimensional vertical flow. Later, 
in 1937 Muskat (25) verified the applicability of 
Darcy's law in any direction and generalized Darcy's 
law for saturated flow in three-dimensional space as 
a vector equation such as: 
v = - K grad·h . [2J 
-+ in which V is the velocity vector. The negative sign 
indicates the flow occurs in the direction of de-
creasing hydraulic head. 
The limitations of Darcy's law are: 
1. The velocity of flow must be relatively slow 
in order to neglect inertia forces. 
2. There must be no interaction between soil and 
fluid. 
3. The fluid must be homogeneous and incompres-
sible. 
Even though Equation 2 was developed for saturated 
flow in homogeneous porous media, it has application 
to porous media problems that are partially saturated, 
which are common in nature. Buckingham (7) visualized 
that the flow of water in an unsaturated soil is 
analogous to heat flow and to flow of electricity 
through a conductor. He introduced the concept of 
capillary potential to describe attraction of soil 
for water. Capillary potential is defined as the work 
required to move a unit weight of water from the 
reference plane (free water surface as reference) to 
any point in the soil column. Richards (35) developed 
the general equation of flow in unsaturated media 
in which the water content and capillary conductivity 
are independent functions of the capillary pressure. 
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Richards (34) assumed that the flow of water in 
unsaturated porous media obeys Darcy's law. This 
assumption was proven valid from experimental data by 
Childs and Collis-George (9) and analytically by Hall 
(14). In a modified form in which the hydraulic 
conductivity is a function of the volumetric water 
content, e, Darcy's law for the flow of water through 
unsaturated porous media can be written as follows: 
-+ -+ 
V = -K (r,e) grad.h [3J 
in which; is the space vector and K is a variable 
even for homogeneous soil and rapidly becomes smaller 
as the water content e decreases. 
Darcy's law does not solve directly any particu-
lar flow problem in porous media, but when substituted 
in the continuity equation, it produces the differen-
tial equation describing many initial-value boundary-
value problems. To obtain a solution to this dif-
ferential flow equation, it is necessary to have 
functional relationships between saturation, hydraulic 
conductivity, and capillary pressure. 
Gardner (12) made a survey of proposed equations 
and from studies of available data concluded that 
conductivity can be related to the capillary pressure 
by the following equation: 
K = _a __ 
hn + b 
s 
[4 J 
in which K is the hydraulic conductivity, hs is the 
suction head, and a, b, and n are constants depending 
on the soil, fluid, and capillary pressure history of 
the system. King (22) noted that Equation 4 is 
dimensionally inconsistent. He modified Gardner's 






where a and b are positive dimensionless soil parame-
ters, P is the fluid pressure, and P1 has the same 
dimensions and sign as P. King (22) also proposed a 
hyperbolic function for saturation and relative 
hydraulic conductivity. 
cosh (P/P2)~ - 1 




{cosh (PIP )8 + e::} - y 
8 _ [ 0 
{cosh (PIP )8 + e::} + y 
o 
[7J 
in which P2 has the dimensions of P (P2>0), 5 is the 
saturation, Po has the dimensions of P (Po>O) c»<o, 
0<0<1, 8<0, o<y<coshe::, 0<8<1 all are dimensionless 
parameters. Kirig then ran comparison tests of the 
modified Gardner' s equation (Equations 5 and 6) with 
laboratory data. The results showed that both equa-
tions gave a good fit to imbibition as well as to 
drainage data and both describe a cont inuous funct ion 
that plateaued on the log-log graph of relative hy-
draulic conductivity, Kr , versus log capillary 
pressure Pc near the va1u.es of Kr = 1. This is in 
contrast to Brooks-Corey equations which is dis-













The theory developed by Burd i ne (8) ut i 1 i zes a 
saturation-capillary pressure relation to determine 
the correspondi ng saturat ion-hydrau1 ic conductivity 
relation. The modified Burdine equation for relative 
hydraulic conductivity in a simple form is given by: 
t dS p2 c 
52 0 . [12J Kr e t d5 7 0 c 
in which _ Pc is the capillary pressure, and Se 
is the effect ive saturation deflned by Se = (S-Sr) I 
(l-Sr ), Sr is the residual saturation. Hydraulic 
conductivities computed by numerical integration of 
the Burdine equation (12) show good agreement with 
hydraulic conductivities obtained from equations 
developed by Millington and Quirk (23,24) especially 
under desaturation conditions. To handle imbibitions, 
Jeppson (21) includes a pressure head parameter, Po 
with the capillary pressure Pc to prevent division 
by zero as the soi 1 becomes fully saturated where Pc 
= 0, and replaces the 1 in the upper limit of the 
integration by a saturation parameter, Ss, and begins 








r e fs d5 
(P + P )2 . [13J Sr c 0 
Brooks and Corey (4) carried out laboratory 
desaturation experiments on homogeneous and isotropic 
samples where air and water were nonwetting and 
wetting fluids, respectively. They found the experi-
mental data of effect ive saturat ion, Se, as a func-
tion of the ratio of capillary pressure to bubbling 
pressure plots close to a straight line on log-log 
graph paper for capillary pressure Pc greater than 
the bubbling pressure Pb (Figure 1). Brooks and 
Corey suggested the following empirical relationship: 




in which A is the negative of the slope of the plot on 
log-log graph paper and is defined as the pore size 
distribution exponent. 
Brooks and Corey (5) used Burdine equation (12) 
to derive the following equation for relative hydrau-
lic conductivity and capillary pressure 
. [16] 
App1 i cat ion of the Brooks-Corey equat ions is 1 imited 
to: 
1. Isotropic porous media. 
2. Relative hydrau1 ic conductivities, Kr = 1 
-for 1 Pc 1< IPbl. 
3. Conditions for which S > Sr, and even they 
are inaccurate at saturation slightly greater than Sr. 
The partial differential equation which describes 
water movement through the so i 1 s can be der i ved by 
substituting Darcy's law into the differential form of 
the continuity of mass equation. The governing 
equation for unsaturated flow is nonlinear and bound-
ary conditions are complicated. Exact analytical 
solutions of the partial differential equation govern-
ing the flow of water through the porous media are not 
available, except for over simplified cases. 
Scott and Hanks (39) solved the one-dimensional 
water mo~ement equation using a power series. They 
assumed ln one case that the diffusivity is an ex-
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Figure 1. Relation between effective saturation and 
capillary pressure head' (5). 
was used extensively by Gardner and Mayhugh (13) and 
assumed a linear function of water content in another 
case. Also they assumed that diffusivity and capil-
lary tension are single-valued functions of water 
content. They noted that if numerical solutions 
compared favorably with available analytical solutions 
for simple cases for which the latter are possible one 
might expect that numerical solutions would apply for 
more complicated problems. 
Wooding (44) assumed that the hydrau1 ic conduc-
tivHyof an unsaturated soil is an exponential 
function of the pressure head. He used the method of 
linearization proposed by Philip (29,30,31) and 
reduced the nonlinear differential equation to a 
linear type and solved the problem of steady infil-
tration from a shallow, circular flooded area on a 
horizontal surface of a semi-infinite porous media, 
and showed the variation of soil moisture movement in 
a radial direction for different types of soils. 
Philip (31) assuming the hydraulic conductivity is an 
exponential function of moisture potential, applied 
Kirchhoff's transformation to linearize the nonlinear 
equation of steady flow, and obtained solutions for 
steady inf i ltrat ion from a buri ed point source and 
spherical cavities. He stated for a small radius of 
spherical cavity the capillary effect dominates, but 
gravitation force becomes more important when the 
radi us increases. Phil ip (32) analyzed steady two-
and three-dimensional infiltration in heterogeneous 
soils. He assumed that the hydraulic conductivity 
depends exponentially on both moisture content and 
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depth, and applied Kirchhoff's transformation to 
linearize the nonlinear flow equation. 
Raats (33) upon assuming that the hydraul ic 
conduct ivity is an exponent i al funct ion of pressure 
head, linearized the steady nonlinear axisymmetric 
flow equation by using matrix flux potential (Kirch-
hoff's transformation). He analyzed steady infiltra-
tion from buried point sources and surface point 
sources, and obtained explicit equations for the 
pressure head, total head and matrix flux potenti al, 
and the Stoke's stream function. 
With the development of high speed digital com-
puters, more complex problems were solved numerically. 
Freeze (11) reviewed the available literature of 
one-d imens ional, vert ica 1, unsaturated unsteady fl ow 
problems in soils studied by a number of researchers, 
and Remson, Hornberger and Mo 1 z (34) gave an out 1 i ne 
of published numerical solutions mostly applied to 
porous media flow. 
Hanks and Bowers (15) in their pioneering work 
presented a method to solve the water flow equation 
for vertical infiltration in layered (heterogeneous) 
soils. They defined a variable time increment, 6t, as 
the time required for a constant amount of water 
to enter the soil profile. Since the infiltration 
rate of the soil decreases with time, the calculated 
time increment will be smaller at the beginning of 
infiltration computation relative to its value at 
later stages. They plotted the distribution of the 
pressure head and water content versus depth for 
layered soils (coarse soils overlaying a fine soil and 
vi ce versa). They not iced that for water content, 
there is a discontinuity at the boundary between the 
two 1 ayers, however, pressure di stri but ion along the 
profile was continuous for all cases of heterogeneity. 
There was exce 11 ent agreement between the Hanks and 
Bowers numerical model and theoretical solution 
presented, by Scott et a1. (40) and Phil ip (28) for 
horizontal infiltration through a horizontal layer of 
soil at uniform initial water content. 
Jeppson (17) numerically solved the partial dif-
ferential equation which descr·ibes three-dimensional 
(axisymmetric) unsaturated flow in the soil below 
infiltrometers to determine the influence of soil 
properties, rate of application, and initial hydraulic 
head on subsurface flow patterns (penetration and 
lateral movement of the wetting front). He noticed 
that whenever a portion of flow field reaches to high 
values of relative saturation approximately 0.90, 
depend i ng on the hydr au 1 i c propert i es of the so i 1 , 
numerical difficulties occur in the solution process 
unless the time increment, M, is decreased suf-
ficiently. He suggested that the solution capability 
can be improved by transforming the dependent variable 
(hydraulic head) in flow equation to a new variable 
~ by means of the Kirchhoff transformation. This 
latter technique has been widely used by many re-
searchers (2, 31, 33, 41, 42, 44). 
The goal of this transformation is to linearize 
(under some conditions) and make the equation of flow 
more amenable to analytical solution methods. 
Jeppson (18) reported that for problems in which 
a portion of flow region approaches unit saturation, 
the use of the Kirchhoff transformation in formulation 
of the mathematical problem of partially saturated 
transient flow from an infi1trometer improved the 
solution capabilities. 
Brandt et a1. (2) developed two mathematical 
models (a plane flow model and a cylindrical model) to 
analyze mu1t i-dimensional, unsteady infi 1tration from 
a trickle source into homogeneous soils. In the case 
of the cy1 indrica1 model (axi symmetric) the emitters 
were pl aced far enough apart to prevent interact ion 
between emitters. Upon applying the Kirchhoff 
transformation, they introduced a new function of 
water content. They compared the numeri ca 1 results 
with Wooding's solution for steady state infiltration 
from a circul ar pond for different values of time to 
show how the unsteady flow approaches steady state 
flow. For verification of this model, Bresler et ale 
(3) conducted laboratory experiments. They compared 
the 1 ocat i on of wett i ng front and water content 
distribution in both numerical solution and by experi-
ment. They concluded the agreement between theory and 
experiment was good and that application of the theory 
to the field is justified. 
Watson and Whisler (43) studied the gravity 
drainage of a heterogeneous porous medi a. They 
defined the heterogeneity of porous media in terms of 
a linear variation of the saturated hydraulic conduc-
tivity with depth. They allowed the hydraulic 
conductivity to decrease with depth and obtained 
hydraulic head and water content profiles with depth. 
They reported that by applying one of the available 
experimental methods for determining saturated 
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hydraulic conductivity in the field at different 
depths, it is possible to check the homogeneity of the 
profil e. 
Jeppson (19) studied different numerical tech-
niques for solution of transient, three-dimensional 
(axisymmetric), unsaturated moisture movement through 
homogeneous soil result ing from infiltrat ion over a 
horizontal ci rcul ar surface area. To mi nimi ze the 
difficulties due to the strong nonlinearities of the 
flow equation, he compared the three adaptations of 
Crank-Nicolson method and three variations of the 
alternating direction implicit (ADI) method. Since no 
constraints have been seen in applying Crank-Nicolson 
method, he favored thi s method. In another effort 
Jeppson (20) used the previous model (Jeppson, 19) and 
compiled a series solution for different problem 
specification such as size of the circle of appl ica-
tion and for different parameters describing the 
hydraulic properties of unsaturated soils. He stated 
that greater understanding of the infiltration process 
can result when one problem specification is incre-
mented over a range of possible situations. Samadi 
(37) used Jeppson's (16) computer one-dimensional 
program to evaluate the effect of interaction between 
the soil parameters used to describe heterogeneity. 
He concluded that there is a minor to insignificant 
effect on infiltration due to interaction between the 
soil parameters. Based on the results of study, the 
additive law of effect can be applied in using the 
results. 
MODELING OF WATER MOVEMENT THROUGH POROUS MEDIA 
Definition of the Physical Problem 
The particular problem which is described herein 
is that of unsteady, unsaturated, three-dimens ional 
but axisymmetric infiltration through heterogeneous 
soil from a circul ar horizontal surface area. The 
circular area over which the water enters the soil is 
small compared with the total soil surface. Therefore, 
three-dimensional axisymmetric unsteady-unsaturated 
infiltration of water occurs. The wet regions of 
seepage below the water entry zone are symmetric about 
the vertical centerline. Therefore, the boundary 
value problem can be formulated for one half of 
any vertical plane containing the axis of symmetry. 
Figure 2 shows the physical problem and typical as-
sumed boundaries of the flow field. The soil is 
treated as a heterogeneous medium by letting the 
saturated hydraul ic conductivity, Ko, the soil po-
rosity, n, residual saturation, Sr, pore size distri-
bution exponent, A, and bubbl ing pressure, Pb, be any 
continuous functions of the vertical coordinate. 
The effect of evaporation from the soil surface is 
neglected. 
The mathematical model consists of the partial 
differential equations of flow through porous media 
which provide the basis for specification of the 
functioning system, together with the boundary and 
initial conditions. Assumptions are also made in the 




Assumptions in the Mathematical 
Formulation 
The following assumptions are included in the 
definition of the flow equation: 
1. Darcy's law is valid for unsaturated flow. 
2. The water is incompressible (p = constant). 
3. The porous medium is stable (exhibits no 
swelling, shrinkage or consolidation, n = constant at 
any depth with time, but may be variable with depth). 
4. Only the liquid phase of water is considered. 
Water vapor flow is neglected (vapor flow is small 
compared with the liquid flow). 
5. No osmotic potentials affect the flow. 
6. The flow is assumed to be isothermal. 
. 7: The condition of flow is not affected by the 
blo~oglcal process (uptake by plant, or biological 
act lOn that may change the conduct ivity with time, 
etc.) . 
8. There is no interaction between soil and 
water. 
........ --. ....... _------....-""."". 
Figure 2. Physical conditions representing three-dimensional axisymmetric transient unsaturated flow through 
heterogeneous media from a circular application area. 
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9. The functions which describe the flow and 
their deri vat ives are assumed to be cont inuous, so 
that the differential form of the continuity equation 
is valid. 
10. Air in the unsaturated parts of the system is 
assumed to be at atmospheric pressure, and there is no 
entrapped air in the system. 
11. Since only the imbibition cycle is consider-
ed, it is assumed that the capillary pressure and 
hydraulic conductivity of the porous medium are 
s ingle-valued, unique and cont inuous with soil water 
content (no hysteresis). 
12. The soil is assumed to be isotropic. 
Formulation of the Mathematical Model 
Although many mathematical expressions have been 
used to describe relationships between capillary 
pressure, saturation and hydraulic conductivity in 
modeling unsaturated flow problems, in this study the 
Brooks-Corey parametric equations (14 and 16) have 
been used. Brooks-Corey equations are relatively 
simple (involve only three parameters, Sr, A, and Pb) 
and also provide a reasonably good fit to capillary 
pressure-saturation and capillary pressure-hydraul ic 
conductivity data when on the desaturation cycle but 
also on the imbibition cycle if unit saturations are 
not approached. 
The General Flow Equation 
Using the above description of heterogeneity, the 
Brooks-Corey equations for saturation and relative 
hydraulic conductivity become: 
and 
Pb(Z) 2+3A(Z) 





in which S is the saturation and ~aries as a function 
of depth, radial position and time, L; Sr is the 
res idual saturation and is a given funct ion of depth; 
Pb is a positive dimensionless bubbling pressure head 
obtained by dividing the magnitude of the bubbl ing 
pressure head by a characteristic length, L, and is a 
given function of depth; Pt equals -Pc/yL, and is the 
dimensionless pressure head, and varies as a function 
of r, z, and L; r equals R/L and is the dimensionless 
radial coordinate; Z equals Z/L and is the dimension-
less axial coordinate; A equals pore size distribution 
exponent and is a given function of depth; L equals a 
scaling length used to nondimensionalize the radial 
and axial coordinates and pressure heads; Kr equals 
KIKo and is the relative hydraulic conductivity at 
each position in which K is the effective hydraulic 
conduct ivi ty and Ko is the saturated hydraul ic con-
ductivity, and is a given function of z. In defining 
the saturated hydraul ic conductivity, Ko, the product 
of a constant Ka, with units of velocity, and a 
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dimensionless quantity which is a given function of 
the depth Kv is used, i.e., 
· [19] 
w~ere for the soi 1 surface, the value of constant Ka 
wlll be taken equal to the saturated hydraul ic con-
du~tivity on the surface; th.erefore Kv(z) = 1.0 on the 
sOll surface. Thus effectlVe hydraulic conductivity 




For three-dimensional axisymmetric seepage flow 
through a porous medium, Darcy's law gives the veloci-
ty component in the radial, r, and axial z coordi-





h Z + Pc · [25] 
Z 
· [26] Z =-L 
R 
· [27] r = -L-
-P 
c 
P =--t yL [28] 
h = Z - P · [29] t t 
in which K{r,z,p) is the hydraulic conductivity of the 
soil with dimension of velocity, and h is the poten-
tial energy per unit weight of water with dimension of 
length as the sum of elevation head Z and pressure 
head Pc. 
The pressure head is given by 
· [30] 
in which P is the pressure of water and is positive 
for saturated zones and negat ive for partially satu-
rated zones, g is the acceleration of gravity and p is 
the fluid density. The dimensionless time parameter 
and continuity equation in cylindrical coordinates are 




V av ~ + _r_ + __ r_ = as 
az R aR - n ----at 
. [31] 
• [32] 
Substituting seepage velocity components in the 
equation of continuity in cylindrical coordinates and 
:onsid.ering the def!nition of hydraul ic conductivity 
1n th1S study, mak1ng algebraic simplification the 
general dimensionless form of the flow equ~tion 
in porous media becomes: 
2p P 2 lp 
a t 2+ 3>" a t + K t + Kv---"- - -P- K (-;-r) ---,.,-





Equation 33 is a nonlinear parabolic partial 
differential equation. For the initially unsaturated 
soils the flow equation will remain parabolic at all 
times, since saturation occurs at most only at the 
surface of water application. 
The initial boundary value problem associated 
with Equation 33 will be solved by finite difference 
methods. Whenever there is an abrupt wetting front 
such a numerical solution is less accurate than 
desirable. Across the wetting front, the change is 
too rapid for the second degree polynomial used in the 
finite differences equations to accurately represent 
the dependent variable. Therefore, the continuous 
variables Pt or ht are not well adapted as dependent 
variables, a condition which is aggravated by the 
strongly nonlinear nature of the partial differential 
equation. Jeppson (18) indicated that a more straight-
forward approach is to introduce a new dependent 
variable by means of a Kirchhoff transformation (Ames, 
1), that changes by a relative small amount at higher 
capillary pressure in comparison to its magnitude 
changes at low capillary pressure. This modification 
is necessary since across the wetting front the 
capillary pressure varies rapidly in space as well as 
possibly time. The introduced dependent variable 
obtained by applying the Kirchhoff transfo~mation 
varies more smoothly across the wetting front than 
capillary pressure head, Pt, or the hydraulic head, 
ht. 
9 
The Kirchhoff transformation is: 
, 
Kr d Pt 
· [34] 
in which Pt' is a dimensionless dummy variable of 
integration. The integration of Equation 34 is not 
possible for heterogeneous soils, because A is a 
function of depth. For the integration it is neces-
sary to define a specific variation of A for a given 
probl em. 
The Brooks-Corey equation can be written as: 
P 2+31.. 
K = (~ ) r Pt 
· [35] 
and define Pe as 
Pe 
Pb 2+31.. . ( L) 
· [36] 
K p p -(2+31..) r e t 
· [37] 
and integration of Equation 34 in the case of homoge-
neous soil produces 
_ P -(1+31..) 
t 
1jJ = --'('"="1-+~3:-A .--) - · [38] 
For the integration of Equation 34 it is not desirable 
to have it be restricted to a functional variation of 
A(z), that allows it to be integrated. An alternative 
which introduces a new dependent variable ~ is defined 
by the equation 





where 1..0 is a reference value of A(z) (values of A at 
soi 1 surface where z = D) Equation 38 is the same as 
Equation 39 only the A and 1jJ are replaced with 1..0 
and ~. 
The new vari ab le ~ has the des irab le ch aracter-
i st ics that it changes much 1 ess abrupt ly across the 
wetting front. 
Substituting appropriate values of derivatives in 
Equation 33 the more general equation of three-
dimens iona1 trans ient flow of water through unsatu-
rated, heterogeneous media will result in Equation 42. 
(2+3A) Pt ae )2 




(?.J..'l,' aP P [ ~ _b + 3 1n (-ll) (~) - 1£!:hl E.r ] Pb az Pt az 1; az 
. [42J 
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INITIAL AND BOUNDARY CONDITIONS 
Initial Conditions 
Initial conditions must be specified for tran-
sient problems including the distributon of the 
hydraulic head or moisture content throughout the 
region of flow prior to infiltration. To start the 
solution it is assumed that prior to infiltration the 
movement of water is negligible everywhere in the soil 
and that static equilibrium exists which causes the 
hydraulic head to be constant throughout the flow 
field, or the capillary pressure (pressure head) to 
vary 1 inear1y with depth of the soil profil e. The 
water content of the soil profile increases (capillary 
pressure becomes less in absolute magnitude) with 
depth below the soil surface, giving 
P = t z - ht [43] 
and 
_ (z-h )-(1+3Ao) · [44] 
~ = t (1+3\) 
Boundary Conditions 
The boundary conditions must be defined to 
duplicate physical conditions. The rectangular region 
in Figure 3 represents one-half plane containing the 
axis of symmetry and gives mathematical expressions 
for the boundaries enclosing the region. 
Axis of Symmetry CD - ® 
The flow region below the circular water entry 
zone ® - ® is symmetric abo* this boundary. For 
the homogeneous soils boundary \.!J - ® is a stream-
1 ine and all constant head lines (equlpotential) are 
perpendicular to the axis of symmetry. The boundary 
condition along the center line is: 
aPt _ 
a • [45] ar -
or 
~= · [46] 
or a 
Surface of Water Application ® - (3) 
The surface over which the water is appl ied or 
water entry zone is assumed to be horizontal at a 
finite height above the drained layer. One of the two 
conditions may be selected for boundary ® - ®. 
a. The flux rate ;s specified. This condition 
applies when the intake capacity of the soil is 
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assumed to be greater than the water application rate. 
Consequently no portion of the seepage zone will be 
fully saturated. 
The specified rate of flux can be a function of 
t i me ( r a i n his tog r am) . A 11 s t ream 1 i n e s 1 e a vet h e 
surface of water application vertically. The boundary 





~=O a (' 






b. Surface saturation specified (Dirichlet 
boundary condition). If the saturation at the circu-
lar water entry zone is specified, the values of 
pressure head or hydraulic head will be determined 
directly for this boundary. When the soil is com-
pletely saturated, the capillary pressure is equal to 
the bubbling pressure (Pt = Pb), and the rate of water 
application is equal to the intake capacity of the 
saturated soil. The specified saturation can be 







Surface Beyond Radius of Water 
Appl ication (3) - (4) 
· [52] 
· [53] 
Ttlis surface is at a constant height, 0, above 
drained layer, is horizontal, and no evaporation 
occurs from it. The boundary condition is the same as 
D 
z = 0 
o ~ r ~ ra 
if flux specified 
d~ = 0 
()r 
(IF, = 1-(1+3Ao)t; 
az Pt 
if saturation specified 





I surface of 
water application 
vii 
N ~ vi +-> 
0 OJ E 
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~ + 1) K 
z = 0 
surface beyond radius of 
water application 















































<D ~----------------------...... ---•• y' @ z = 0, 
if partially saturated: 
aPt 
= 1 dZ 
if saturated: 
Figure 3. Formulation of the boundary value problem for the transient 
unsaturated three-dimensional axisymmetric flow from a cir-
cular area through heterogeneous porous media. 
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the boundary ® - Q) except that there is no verti-
cal flux rate W = O. The boundary conditions are as: 
z = D 
d~ _ [1 - (1+3Ao)~J 
az - Po 
Outer Boundary Beyond the Radius 





The outer boundary is assumed far enough removed 
from the water source that no moi sture movement wi 11 
occur across this boundary and at all times it is in a 
static equilibrium condition. It is a Dirichlet type 
boundary and boundary values need not be evaluated 
in the solution of the problem. The condition is: 
[58J 
o < z < D [59J 
• [60J 
. [61J 
in which rf is beyond the radius of influence and ho 
is the initial hydraulic head. 
Bottom Boundary ® -CD 
A horizontal lower boundary at depth z = 0 is 
assumed to ex i s t. Water will pas s through t his 
lower boundary after the soil at the bottom of the 
profile becomes saturated. 
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It is assumed that the surface of the bottom 
boundary is at a constant pressure. When the unit or 
maximum saturation is attained at this boundarYt water 
will begin to pass through the boundary. The boundary 
condit ions are: 
z = 0 . [62J 
. [63J 
when the soil profile is not fully saturated 
· [64J 
· [65J 
and when unit saturation occurs, 
• [66J 
-(1 + 3 A ) 
1 - (Pb) 0 
1 + 3 AO 
· [67J 

FINITE DIFFERENCE SOLUTION 
For this study the Crank-Nicolson method of 
differencing was chosen. The Crank-Nicolson method 
provides a second order approximation in space and 
time resulting in a truncation error of 0[(~t)3 + 
(~z)3 + (~r)3J. Also the system of difference equa-
tions produced by the Crank-Nicolson method retains 
the computationally advantageous tridi agonal form if 
iterative line methods are used for their solution as 
do fully impl icit difference schemes. It is uncon-
ditionally stable for all values of ratio ~t/(~x)2, 
also. 
Finite Difference Operators for 
Interior Grid Points 
The finite difference operator for Equation 42 
can be obtained by repl acing the derivat ives by the 
firs t and second order central differences. If the 
8 I san d 82 I s den 0 t e fir s tan d sec 0 n d c e n t r a 1 d i f -




6Z2 :z~ ~ 6~~ = ~j+l,i + ~j-1,i - 2 ~j,i · [70] 
6/ R ~ 62 ~ = ~, '+1 + ~, ' 1 - 2~, , d r2 r J , 1 J , 1 - J ,1 • · [71J 
and therefore, 
aPt Pt 0 ~ Pt (C 1 ' - ~ '+1 ,) ( 1+3'\ \ Z - J - ,1 J, 1 





P (r'1' + r:]'_l l' - 2r. j ,1·) 
_t [ ..:.J..:!:..! ,1, , 
r; fIZ?' 
(2+3>. ) 
o (~j-l,i - ~j+l,i)2 
46z2 





Replacing the derivative by the equivalent finite 
difference operators in Equation 42 
aP P 6 ~ (2+3>. _b + 3 1n (~) ~ _ 2+3>. _z_) 
Pb az Pt az (2~z 
P 6 P 6 aK K+l 
t rE;; t zE;; _ 1) _v J 
+ rr; 26r} + (~lli az 
aK K 
af] 
2n>..(1-Sr) p 2+2>.. K+l K 
t F; -F; 
- P 2+2>.. -z;;- ( AT ) = a 
b 
. [76] 
in which K+l superscript denotes the advance time step 
K superscript denotes the current time step. 
Let us use the square grid network, ~s = ~r = ~z 
and multiply the above equat ion by r,; and ~s2 = ~r2 = 
~2 to get the following equation: 
2+3>.. 6 ~2 0 ~2 
F = [ Kv { P
t 
[ 6 2 F; + ° 2 ~ + __ 0 (_r_ + _z_ ) 
r z ~ 4 4 
(2+3>..)Pt orf.;2 
Z;; -4-
P t 0r~ 





If subscripts j and i denote the space subscripts at 
axial and radial directions respectively, and super-
script K denotes the time step such that: 
j = 1 + (D-z)/bs . 
i = 1 + ~ ~s 




The finite difference equat ion for the interi or grid 
po i nt is, 
+ (E,; j + 1 ,i + E,;j - 1 ,i - 2 ~. .) 
J ,1 
2+3>.. (E,;. ·+1 - E,; .. 1)2 {E,;. 1 . - ~.+1 .)2 
+ __ 0 (J,l J,l- + J-,l J,1 )] 
~ 4 4 
2 
_ ( (2+3>")P t (E,;j,i+l - E,;j,i-l) 
~ 4 
aP P 
2+3>.. _b ~s + 3 1n (~) ~ l\S ~ az Pt az 
_ (2+3>..) (t;j-1,i - E,;j+l,i)' 
z;; 2 
Pt (E,;. • +1 - E,;. . 1) + (_ J ,1 J ,1 - ~S)} 
r 2 
( ) K K+l E,;. 1 . - E,;. +1 . a v 
+ (P t J - ,1 2 J ,1 - z;; ~S) Tz ~S] 
2+3>.. 
+ (E,;j+l,i + E,;j_l,i - 2sj ,i) + ~ 
2 
(E,;j,i+l - Sj,i-l) 
+ ( 4 




(C;;o 1 0 - C;;o+l 0) 2+3). aPb (P t J-, 1 2 J ,1 - r;; 6S) ( -P- az- t.s 
b 
P
t (t;;jr i +l - E;. 0 0 1) + (- J ,1- t.s)} 
r 2 
( E;. 0 1 0 - E;. 0+ 1 0) aK K 
+ (P t 
J - ,1 J ,1 
- r;; t.S) _V 6S 2 az 
/),SO 2 2+2). K+ 1 K 
- P (E;.o 0 - E;.o 0 ) := 0 
t.r ave J,l J,l 
in which 
Finite Difference Operators 
for Boundary Grid Points 
Operator for Boundary CD - (2) 
[81] 
. [82] 
Since the value of r equals zero at the axis of 
symmetry, the term, 
Pt (sJo i+l-sJo i-1) 
, 2' b.s, -
r 
in the flow equation will be undefined along the line 
singularity. This is the reason why an operator 
cannot be developed by combining the central dif-
ference approximation of as/ar = 0 and replacing it 
with those in the flow equation to handle the non-
existing points Sj i-I li.e., o;;..s = Sj 2 - Sj 0 = 0). 
The boundary cond1tion Q) - ~ in t~is pr05lem has 
been handled by setting Sj 1 = Sj 2 in the finite 
difference equation. ' , 
Operator for Boundary (2) - ® 
The case for which the flux rate is specified 
(non Dirichlet) condition is equivalent to specifying 
that the axi al component of velocity, W, is constant 
over the boundary and equal to the infiltration rate. 
Therefore the boundary condition equation from Darcy's 
law is 
. [83] 
ht = D - Pt 
. [84] 
in which W is negative being LT-1 in a downward 
direction (input data is a positive value but the 









Approximating as / az with second order central dif-
ferences centered on the boundary (j=l) will finally 
eliminate the value of S at a nonexistent grid point 
outside of the boundary ® - CID by combining with 
the finite difference operation for interior grid 
points. 
Lpt [ ~K~WK~K:-;---­a v r 
+ 1 J - at;; -
- az-
C;;j-l,i - t;;j+1,i 
2t.s 
2t.s ~ [ ~ + 1] C;; L Pt K = j-1,i - "j+1,i 
[90J 
· [91] 
The value of S for a nonexistent grid point 
outside of the boundary for j=l from above equation is 
SO,i = s2,i + ?b.S $- [~+ 1J 
t · [92] 
which combines with finite difference operator for 
interior grid points Equation 81 and results in the 
fol10win;;. finite difference operator for the boundary 
@ - Q). 
3.. W +2(C;;2 o + 11S p (-K+ 1)-C;;li) 
,1 t ' 
+ 2+31.0 ( (C;;l,i+l -C;;1 ,i_l)2 + [2t.s h- ( ~ + 1) J2 
r;; 4 4 ) J 
2 
_ ( (2+3~)Pt (C;;1 ,i+l '/';1 ,i-l) ) 
+ [p ~ (t;;2, i + 211 s ~ t (~+ 1) - s2, i) 
- i?+3'\) ((. . + 265 /.!- t.\iK + 1) - ~2,1') ) 2l;; 2,1 Pt 
Pt {(.1 ,i+l - 1;1,i-l) + ( r ---2---'- 65 ) } 
P 
+ (-1 
( ~2 ,i + 265 ~ t ( ~ + 1) - ~2, i ) riK K+ 1 r,6S) af t.s. J 
+ [ Kv { P t [ (~1 , i + 1 + (.1 , i - 1 - 2 ~l , i ) 
+2([,;2 .+6s~(.\i+l) -t:.l·) 
,1 P t K ,1 
2 [265 L (!i+ l)i 2+3'\ 
+ __ 0 
l;; 
((.1 i+l - ~1 1'-1) Pt K (-' 4·' +------)J 
4 
Pt . l;; W 
+ [2 (t:. 2 ,; + 2~ P~ (I( + 1) - [,2 .) - (,AS] ,1 
2 3 ~Pb Pb 1,\ + ,\ - - -- AS + 3 1 n ( - - ) '- - AS 
--P-
b
-- ;)Z P t ;)Z 
Lf+}~_ ([,;2' + 265(,- - ,!! + 1) - (.2 .) ) 2,-, ,1 Pt 'K ,1 
Pt W riKv 
+ {Z- ([,;2,; + 26S ~~ (I( + 1) - [,;2,i) - l;;6S) az- 6S 
K 
2n>.(1-S r ) l\S2 2+2>. 
-- -P 
- P 2+~ tn ave 
b 
K+l K (t:l·· - [,;1 .) = 0 
,1 .1 
• [93J 
Assume W/Ka to be the dimensionless flux, VK 
. [94J 
from Equation 35 we can write 
w _ VK 
I( - Pb 2+3A 
Kv (p t ) 
• • [95J 
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The input data for parameter, W, is a positive number 
with units of LT-l. The negative sign of the W is 
handled in the subroutine Fl and by multiplying the 
equation above by a minus sign. Upon simplifying the 
above equation, the finite difference op-erator for 




+ 2 ([,;2 . + /::'5 L ( -K + 1) - [,;1 .) 
,1 P t ,1 
2 
+ 
2+3>'0 ( ([,;1,i+1 - [,;1,i-1) W 2 
l;; 4 + [65 ~ (I( + 1) J J 
2 
(2+3,\)P t . ([,;1,i+1 - t;1,i-1)) 
- ( l;; 4 
(l;; /::,5 ~ ) 2+3>. aPb 3 1 n ( ~az /::'5 + 
_ 2+3'\ liS 
Pt 
(~+ 1)) + (P t (.1,i+1 r 2 
W riK 
K+1 
+ (l;; /::,S I() a-f/::'5J 
+ [ Kv{ Pt [ ( [,;1,i+l + [,;l,i-l 
( + AS ~ ( !! + 1) + 2 (.2' Ll P K 
,1 t 
2 
( ([,;1,i+1 - [,;1 i-1) 4' + 
Pb dA p)az /::,5 
t 
[,;1 , i-l} /::,s) 
- 2~1, i) 
2+3,). 
o 
( ~-.t r, 1 , i + 1 - [,; 1 , i - 1 ) + r 2 /::,5 )} + 
for 
i = 2 . . • N2X 
. [96J 
where N2X is the number of points in radial direction 
to outer edge of circle of application. 
Operator for Boundary ® - ® 
Along this horizontal boundary the vertical 
component of seepage velocity is zero (no water 
application or evaporation from this surface). The 
finite difference operator for this boundary wi 11 be 
obtained by substituting W equals zero in Equati.on 92. 
The operator for boundary ® - @ is as follows: 
Fl , i = [Kv P t [ (~l, i + 1 + ~ 1 , i - 1 - 2t: 1 • i ) 
S 2+3>- (E;l,i+l 
+ 2 (4 . + AS -- - E;.1 .) + __ 0 ( 
2 
- E;l,i-l) 
2,1 Pt ,1 l;; 4 
(E; _ r, )2 
+ ellS . S_ ] 2) ] _ ( ~ P 1 , i + 1 1 , i - 1 ) 
P t l;; t 4 
P ( C" F.:) K+ 1 
_t "1,i+1 - 'l,i-l 
+(r 2 llS)}] 
+ [ Kv { P t [ (E;.l, i + 1 + E;.l,; - 1 - 2 1,;) 
2 
2+3/, (E;.l,i+l - E;.l,i-l) 
2 ( L ) + __ 0 ( -:....!....:.--=-.....------'-''-'---+ E;2· + !J.S P - E;.l . 4 
,,1 t ,1 l;; 
2n/,(1-Sr) 2 (2+2,,) K+ 1 K 
2 !§ - P (t" - t"l .) a P +2/, !J.. ave ~l,i ~,1 
b 
where Nz equals subscript denoting number of grid 
lines from the surface to the bottom boundary. 
Operator for Boundary ® - (i) 
The finite difference equation for the bottom 
boundary (when unit saturation has not been achieved, 
or is not of the Dirichlet typel is the same as the 
operator for boundary @ - ® in which the sub-
script j = 1 is replaced by Nz and 2 by N~1 (i = 2, 
. . . Nr - 1). The operator for boundary ® - CD is: 
F = Kv { P t [ <5 r 2 E; + 2. 0 ( E; - AS -.r. - E;. N . ) 
NZ•i Nz-l,i Pt Z,1 
2n/,(1-Sr) As2 P 2+2/,(E; K+l E;K 0 
- P 2+2>- AT: ave Nz , i Nz,i 
b 
for i = 2, . Nr - 1. 
. [99] 
for Method of Solution 
= N2X + 1 . . . Nr - 1 
. [97] 
where Nr equals subscript denoting number of grid 
lines from the axis of symmetry to the outside radius 
of the problem. 
Operator for Boundary ® - ® 
This boundary is assumed to be far enough from 
the source of water that no flow occurs in its vicini-
ty. Thus, the values of hydraulic head do not change 
along boundary ® - ®. No definite difference 
operator is needed (Dirichlet type). 
for 
and 





Writing finite difference operators for all grid 
points (interior and non Dirichlet boundaries) pro-
duces a system of nonlinear algebraic equations for 
the unknowns ~~~~. Since coef~icients in these fin~te 
difference operators are funct10ns of ~, the result1ng 
system of equations is nonlinear. All 'values of ~ in 
t he system of equat ions with s uperscr i pt K are 
known. All ~IS with a K+l superscript are unknown and 
the number of equations equals the number of such un-
knowns. By solving the system of nonlinear equations, 
the solution of the infiltration problem advances 
through one time step M. 
The scheme proposed by Jeppson (18) is ut i 1 i zed 
in solving this system. The scheme combines the line 
successive relaxation iterative method with the 
Newton-Raphson method, that is, an iteration is 
created within an iteration. 
The iterative Newton-Raphson formula for a system 
of equations is: 
. [100] 
where superscript m is the iteration number and X is 
the' solution vector of 1 inear system of equations 
. [101J 
-+ in which D is the Jacobian and F consists of the 
elements composed of the finite difference operations, 
Fj,i., See Equation 102. 
,_ The innermost iteration solves for the values of 
sK+1 1 s along consecutive vertical finite difference 
lines assuming that the sK+1ls on the previous and 
next line are known. That is, two outer bands of 
matrix, D, are ignored. Consequently, the banded 
Jacobian reduced to a tridiagonal matrix. This 
tridiagonal system can be solved by a single pass 
through the rows with a Gaussian elimination to bring 
the terms below the diagonal to zero. Thereafter the 
unknown values of X are computed by back substitution. 
The inner most iterat ion continues unt il the sum of 
absolute change in XIS along the line becomes less in 
magnitude than specified error (approximately 10-7). 
The s arne procedure occurs at the next vert i ca 1 1 i ne 
unit. All lines have to be solved for. One such pass 
constitutes an outer iteration, and provides values of 
SIS throughout the flow region which are closer to the 
correct solution. During each outer iteration the sum 
of the accumul ated absolute changes in the values of 
s from the inner iterations along individual lines is 
accumul ated. When this sum (SUMT) becomes less than 
a second error (error x 100), the iteration is termi-
nated. However, when the Newton-Raphson iteration 
does not converge to the specified error within the 
allowable number of iterations, a message to this 








aF l1 aFll 
--0 0ar- 0 aS 21 12 
aF 21 aF 21 aF2l 
aS21 
--0 Oar- 0 aS 31 22 
aF 31 aF31 aF 31 aF3l 
aS21 aS 31 
--0 
.0 ar- 0 aS41 32 
aFN N aFN N z r z r 
-a-SN-Z-_1-N-r aSNzNr 
. [102J 
METHODS AND PROCEDURES 
In order to mode 1 heterogeneou s so i 1 s, the 
general flow equation, Equation 42, was derived such 
that each. of the p.arame.ters: A, Pb, Sr, Kv, and n may 
be functlons of dlmenslon1ess depth, z. A subroutine 
in the program defines any specified variations 
(linear, quadratic, etc.) of all soil parameters by 
input of constants. Except for variation of parameter 
Kv which is a dimensionless funct ion of depth, the 
other vari at ions of soil parameters were chosen such 
that the average value of the parameter would b.e equal 
t~ its constant value in the homogeneous soil example. 
In the computation, Kv is always given a value of 1 at 
the soil surface. The reason for specifying Kv = 1 at 
the soil surface is to make saturated hydrau1 ic con-
ductivity terms in Equation 19 equal to Ka. To 
simplify the following presentation, these variations 
have been specified to be 1 inear and cont inuous 
funct ions of depth z. The vari ab le z has a maximum 
va 1ue of 2 on the' soi 1 surface and z = 0 at bottom 
boundary. The linear distributions of soil parameters, 
using FORTRAN notation, are: 
Table 1. Summary of specification of problems. 
Soi 1 Parameters 
Problem A Pb Sr n Number Kv 
1.0 1.0 0.15 0.40 1.0 
2 0.7+0.3z 1.0 0.15 0.40 1.0 
3 1.0 0.7+0.3z 0.15 0.40 1.0 
4 1.0 1.0 0.05+0.1z 0.40 1.0 
5 1.0 1.0 0.15 0.18+0.22z 1.0 
A = AL + BL*z. [103] 
Pb = APB + BPB*z . [104] 
S = r ASR + BSR*z . [105] 
K = v AKV + BKV*z [106] 
n = APOR + BPOR*z [107] 
A practical range for each soil parameter is 
established. Each parameter was varied once with the 
largest value at the soil surf;ace and then again with 
its smallest value at the soil surface and largest 
value at the bottom. Table 1 summarizes the specifi-
cation used in obtaining the solutions presented in 
the various tables hereafter. Subsequently, these 
solutions are referred to by the number in the first 
column of Table 1. 
Radius Character-
Initial of istic 
Hydraulic Depth Surface Circular Length, 
Head, Saturation, Area in in Feet 
in Feet Percent Feet 
-8.0 2.0 90 0.3 1.0 
-8.0 2.0 90 0.3 1.0 
-8.0 2.0 90 0.3 1.0 
-8.0 2.0 90 0.3 1.0 
-8.0 2.0 90 0.3 1.0 
6 1.0 1.0 0.15 0.40 0.6+0.2z -8.0 2.0 90 0.3 1.0 
7 1.3-0.3z 1.0 0.15 0.40 1.0 -8.0 2.0 90 0.3 1.0 
8 1.0 1.3-0.3z 0.15 0.40 1.0 -8.0 2.0 90 0.3 1.0 
9 1.0 1.0 0.25-0.1z 0.40 1.0 -8.0 2.0 90 0.3 1.0 
10 1.0 1.0 0.15 0.62-0.22z 1.0 -8.0 2.0 90 0.3 1.0 
11 1.0 1.0 0.15 0.40 1.40-0.2z -8.0 2.0 90 0.3 1.0 
12 0.7+0.3z 0.7+0.3z 0.15 0.40 1.0 -8.0 2.0 90 0.3 1.0 
13 1.3-0.2z 0.7+0.3z 0.15 0.40 1.0 -8.0 2.0 90 0.3 1.0 
14 1.3-0.2z 1.3-0.3z 0.15 0.40 1.0 -8.0 2:0 90 0.3 1.0 



























































































































1.0 0.2S-0.1z 0.18+0.22z 1.0 
1.0 1.0 O.OS+O.lz 0.40 0.6+0.2z 
1.0 1.0 0.05+0.1z 0.40 1.4-0.2z 
1.0 1.0 0.25-0.1z 0.40 0.6+0.2z 
1.0 1.0 0.25-0.1z 0.40 1.4-0.2z 
1.0 1.0 0.15 0.18+0.22z 0.6+0.2z 
1.0 1.0 0.15 0.18+0.22z 1.4-0.2z 
1.0 1.0 O.lS 0.62-0.22z 0.6+0.2z 
0.7+0.3z 0.7+0.3z 0.25-0.1z 0.40 1.0 
1.3-0.3z 0.7+0.3z 0.05+0.1z 
1.3-0.3z 1.3-0.3z O.OS+O.lz 
1.3-0.3z 0.7+0.3z 0.2S-0.1z 























































































































































REPRESENTATIVE SOLUTIONS AND ANALYSIS OF RESULTS 
Initial and Boundary Conditions 
Initial Conditions 
Prior to initiation of infiltration, it is 
ass u me d t hat the w ate r i nth e so i1 i sin s tat i c 
equilibrium with resulting constant hydraulic head 
equal to -8.0 feet (-2.44 meters). 
Boundary Conditions 
The circular area through which water is infil-
trating was assumed to have at a constant saturation 
at all times (specified saturation condition) of 90 
percent. A horizontal lower boundary is assumed to 
exist at the bottom of the soil profile and no water 
will flow into the bottom boundary unless the soil at 
the bottom of the profile becomes fully saturated. 
The outer bound ary is far enough from the source of 
water that the wetting front cannot reach to this 
boundary. 
Dimensions and Problem Specification 
For all problems the dimensionless depth from 
soil surface to the bottom boundary was D = 2.0 and 
the dimensionless radius of circular area was taken as 
ra = 0.3. A dimensionless time increment ~T of 0.005 
was used to start the solution. Thereafter values 
of M are periodically multip1 ied by values larger 
than one to increase the efficiehcy and decrease the 
printout time. The solutions shown were terminated 
before the wetting front had penetrated to the bottom 
boundary or cylindrical outer boundary. 
Methodology 
T~e methodology includes the following steps: 
a) A base solution for homogeneous soil in which 
all parameters are constant throughout the soil 
profile was obtained (problem 1). 
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~) Obtaining solutions in which only one p~rame­
ter 1n each is varied as a linear and cont1nuous 
function of z, assuming no interaction between parame-
ters (problems 2 through 11). 
c) The description and study of the soil hetero-
geneity as explained in this study raises another 
question. Is the heterogeneity effect due to two, or 
more, soi 1 parameters varying simultaneously the same 
as the sum of the effects due to each parameter 
varying individually? In other words, is there 
interaction between the soil parameters? To investi-
gate the existence of interacti~n, solutions were 
obtained with two and three parameters varying s imul-
taneously (problems 12 through 47) and then compared 
with results obtained by adding the sum of deviations 
from the homogeneous case of the solutions obtained 
when each parameter varied separately. 
Whether interaction exists is of interest both in 
stUdies devoted to defining infiltration character-
istics as well as studies devoted to estimating 
vari at ions in parameter va 1 ues from observed infil-
tration characteristics. If no interaction exists, 
both types of studies are much simpler than they 
would be if interaction does exist. Should the former 
be true then it is possible to determine the effects 
of each s ingl e parameter independently of the others 
and graphs or tables defining each such individual 
effect could be combined t6 obtain the composite 
effect. Furthermore, when attempting to determine the 
variability of one parameter from field data it would 
not be necessary to simultaneously be concerned with 
the variability of other parameters. Should inter-
action exist then neither of these would be possible. 
Rather the influence of all parameters would have 
to be considered together. 

NUMERICAL SOLUTION RESULTS 
In this study 47 problems have been solved in 
order to find the effects and interactions of the 
variation of soil parameters on the solution of the 
flow equation. Problem No.1 was solved by specifying 
none of the soil parameters vary (homogeneous soil) 
and is used for a basis of comparison. In problems 2 
to 11 only one parameter in each is varied with depth, 
assuming no interaction between soil parameters. The 
existence of differences between homogeneous and such 
speci a1 heterogeneous soils is defined by comparing 
the results from problem 1 with those from problems 2 
to 11. The distribution of saturation, capillary 
pres sure head, and ex i st ing differences between 
homogeneou s and these heterogeneou s so il sal ong 
the axis of symmetry at dimensionless time L = 1.88 
for each solution is given in Appendix I in Tables 2 
and 3. 
Also the infiltration rate, volume of water 
app1ied, vertical and horizontal movement of wetting 
front and existing differences between homogeneous and 
these special heterogeneous soils at several time 
steps is given in Appendi x I in Tables 4 through 7. 
From the differences in these tables, it is clear that 
heterogeneity has a significant infl uence on inf il-
tration characteristics. Each parameter, however, 
causes characteristics that are different. 
Thirty-one solutions have been obtained for 
problems specified with two parameters varying simul-
taneous1y.· Prob1em~ 12 through 42 are these problems. 
Comparing their solutions with those of the previous 
problems allows some insight into existence of their 
effects and interactions, or allows an investigation 
of poss ib ly applying the addit ive 1 aw of effect. If 
the additive law of effects appl ie~, that is no inter-
action exists, then it is possible to predict the 
effect of heterogeneity of soil for more than one 
varied parameter when acting together by simply adding 
their effect when each acts separately. 
'Appendix II, Tables 8 and 9, shows the distri-
bution of saturation and capillary pressure and main 
effect and interaction effects for each problem at the 
last time step L = 1.88. The infiltration rate, the 
volume of water absorbed, the vertical and horizontal 
movement of wetting front, main effects and inter-
action effects at several time steps from problems 12 
through 42 are given in Tables 10, 11, 12, and 13 of 
Appendix II. The main effects and interaction effects 
are defined as: 
The main effect of a factor is a measure of 
the change in the response variable to 
change in the level of the factor averaged 
over all levels of all other factors. 
Interaction is the differential response to 
one factor in combination with varying 
levels of a second factor applied simul-
taneously. That is, interaction is an 
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additional effect due to combined influence 
of two (or more) factors. 
In this situation in which there are only two 
variables, i.e., A and Pb the main effect and inter-
action of A and Pb is computed as: 
Main effect of heterogeneity due to variation of 
parameter A = [solution (A, Pb) + solution 
(A) - solution (Pb) - solution (0)]/2 . [108] 
Main effect of heterogeneity due to variation of 
parameter Pb = [solution (A, Pb) + solution 
(Pb) - solution (A) - solution (0)]/2 . [109J 
Interaction effect due to combined influence of 
parameters A and Pb = [solution ~A, Pb) 
- (solution (A) + solution (P b) - solution 
(0))]/2 . [110] 
in which solution (A, Pb) represents any feature of 
the solution (i.e. distribution of saturation, capil-
lary pressure, infiltration rate, etc.) when the pore 
size distribution exponent, A, and bubbling pressure 
are varied. Solution (A) represents any feature of 
the solution in which only pore size distribution 
ex p 0 n e nt, A, i s va r i e d w h i 1 e the 0 the r par am e t e r s 
(i.e., Pb, Sr, n, and Kv) are constant along the soil 
profile. Solution (Pb) represents any feature of the 
solution when any bubbling pressure, Pb, is varied 
wh i1 e the other parameters (i .e., A, Sr, n, Kv) are 
constant along the soil profile. Solution (0) repre-
sents any feature of the solution No.1 when all 
of the soi 1 parameters (A, Pb, Sr, n, and Kv) are 
constant along the soil profile (homogeneous soil). 
To have more assurance of these results, solu-
tions to problems No. 42 through 47 are obtained. In 
these problems, three parameters (A, Pb, and Sr) vary 
simultaneously and remaining parameters (n and Kv) are 
constant along the soil profile. If the parameters A, 
Pb, and Sr vary simultaneously, the main effects and 
interaction effects are calculated as follows: 
Main effect of heterogeneity due to variation of 
parameter A = [- solution (0) + solution (A) 
- solution (Pb) + solution (A, Pb) - solution 
(Sr) + solution (A, Sr) - solution (P b, Sr) 
+ solution (A, Pb, Sr)]/4 . [111] 
Main effect of heterogeneity due to variation of 
parameter Pb = [- solution (0) - solution (A) 
+ solution (Pb) + solution (A, Pb) - solution 
(Sr) - solution (A, Sr) + solution (Pb, Sr) 
+ solution (A, Pb, Sr)J/4 . [112J 
Main effect of heterogeneity due to variation of 
parameter Sr = [- solution (0) - solution (A) 
- solution (Pb) - solution (A, Pb) + solution 
(Sr) + solution (A, Sr) + solution (Pb, Sr) 
+ solution (A, Pb, Sr)J/4 . [113J 
Interaction effect due to combined influence of 
parameters A and Pb = [+ solution (0) 
- solution (A) - solution (P b) + solution 
(A, Pb) + solution (Sr) - solution (A, Sr) 
- solution (P b, Sr) + solution (A, Pb, Sr)J/4 
[114J 
Interaction effect due to combined influence of 
parameters A and Sr = [+ solution (0) 
- solution (A) + solution (Pb) - solution 
(A, Pb) - solution (Sr) + solution (A, Sr) 
- solution (P b, Sr) + solution (A, Pb, Sr)J/4 
[115J 
Interaction effect due to combined influence of 
parameters Pb and Sr = [+ solution (0) 
+ solution (A) - solution (P b) - solution 
(A, Pb) - solution (Sr) - solution (A, Sr) 
+ solution (P b, Sr) + solution (A, Pb, Sr)J/4 
Interaction effect due to combined influence of 
parameters A, Pb, and Sr = [- solution (0) 
+ solution (A) + solution (Pb) - solution 
(~, Pb) + solution (Sr) - solution (A, Sr) 
• [116J 
- solution (P b, Sr) + solution (A, Pb, Sr)J/4 
. [117] 
The distributions of saturated and capillary pressure 
along the axis of symmetry at dimensionless time T = 
1.88 and also the magnitudes of infiltration rate, 
volume of water applied, vertical and horizontal 
movement of wetting fronts at each time step is 
tabulated in Appendix III in Tables 14 through 19. 
The main effects of heterogeneity due to variation of 
each three parameters, and their interact ive effects 
which are computed from Equations 111 through 117 are 
also given in Appendix III i~ Tables 14 through 19. 
Nassehzadeh-Tabrizi et al. (26) obtained data 
from the numerical solutions and found best fit by 
1 i near regress ion analyses in order to quant ify and 
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define the rel at ionship between varying soi 1 parame-
ters and dependent variable of infiltration process. 
For these analyses, data were obtained from solutions 
to problems 1 through 11 at the following dimension-
less times, T: 0.2, 0.5, 1.0, and 1.5. The independent 
variables for these analyses are the B coefficient (in 
Equations 121, 122, and 123) of all five soil parame-
ters and T, and di fferences between homogeneous and 
heterogeneous inf i ltrat ion rates; the depth of pene-
tration and radial movement are dependent variables. 
The regress ion progr am h as the capab 11 ity th at 
the independent variable could either have its actual 
value or a transformation of it. For example, (BPB)2, 
(BL)2 are transformations of B coefficients of bub-
bling pressure, and pore size distribution exponent. 
Several analyses were made for different transforma-
tions of independent variables. The best fit was 
found to be a quadratic relationship for all five soil 
variables and cubic relationships of the time, T. 
The coefficients for a general equation to fit a curve 
through data for 13 independent variables and one 
dependent variable were computed. The general expres-
sions relate the difference between the dependent 
variable of infiltration for homogeneous and heteroge-
neous cases or 
~f = f homo . - fhetero. [118J 
~V = Vhomo . - Vhetero. . [119J 
, ~H = Hhomo . - Hhetero. . . [120J 
to the soil parameters and time, in which f is the 
dimensionless infiltration rate; V is the dimension-
1 ess vert ica 1 penetrat ion of wett ing front; and H is 
the dimensionless horizontal movement of wetting 
front. 
The resulting regression equations are: 
~f = -0.003658 + 0.03855(BKV) - 0.00075(BKV)2 
+ 0.2777(BSR) + 0.2110(BSR)2 - 0.0882(BPB) 
- 0.00844(BPB)2 + 0.45487(BL) + 1.0393(BL)2 
- 0.08291 (BPOR) + 0.018182(BPOR)2 + 0.0080363(T) 
- 0.0051842(T)2 + 0.0014946(T)3 (R2 = 0.98) 
• [121] 
~V = - 0.014 + 0.232(BKV) - 0.155(BKV)2 + 0.173(BSR) 
- O.03(BSR)2 + O.23567(BPB) - O.12l1l(BPB)2 
+ 0.23367(BL) + 0.83444(BL)2 + 0.28864(BPOR) 
- 0.12397(BPOR)2 + 0.038548(T) - 0.033138(T)2 
+ O.Ol0726(T)3 (R2 = 0.92) 
• • •• • • [122J 
~H 0.0070762 + 0.0185(BKV) + 0.0125(BKV)2 
- 0.18900(BSR) - 0.15(BSR)2 - 0.55(BPB) 
- 0.27778(BPB)2 + 0.99667(BL) - 0.10(BL)2 
- 0.85455(BPOR) - 1.2479(BPOR)2 - 0.024151(T) 
+ 0.028802(T)2 - 0.011772(T)3 (R2 0.98) 
• [123] 
in wh i ch BK V, BSR, BPB, BL, and BPOR represent the B 
coefficient of Kv, Sr, Pb, A, and n, respectively. 
Equat ions 121, 122, and 123 are so 1 ved by the three 
coaxial graphs, Figures 4,5, and 6, respectively. 
Each coaxial graph provides the magnitude of dependent 
variables lIf, lIV, and lIH, and show how time, T, and 
rate of change of n, Pb, A, Sr, and Ko effect them. 
In using the coaxial graphs, first take a specif-
ic dimensionless time parameter, T, next select 
appropri ate B coeffici ent for each soi 1 parameter, 
then enter each individual plot with these coef-
ficients in the order shown by the line with an arrow, 
until the axis for 6f, lIV, or Mi is reached. On each 
figure the homogeneous c~se is solved. 
The values lIf, lIV, and lIH can be considered as 
correction fact6rs in obtaining infiltration rate, 
vertical penetration, and lateral movement of the 
wetting front when homogeneous assumptions are made. 
For example, lIf can be obtained from coaxial graph, 
Figure 4, or can be computed from Equation 121, for 
any known soil (i.e., the magnitude of soil parameters 
and their variation are known). 
Thus 
fhetero = f homo - lIfhetero . [124J 
Because of the following assumptions, caution should 
be exercised in using the coaxial graphs. 
1. The regression equation used in developing 
these graphs assumes no interact ion of the soil 
parameters. 
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2. The prob 1 ems that have been so 1 ved and 
compared herein are based on a single soil parameter, 
varying in a given case. 
A major objective of this study is to deternline 
the effects of more than one soil hydraul ic. This 
objective is met be comparing the solutions with two 
or more parameters varying with the results given in 
the coaxial graphs. For some of the solutions, 
the comparison between the calcul ated values and the 
values read from the coaxial graphs shows minor to 
insign ificant intera,ct ion and addit ive 1 aw of effect 
can be applied. In many other cases this is not true. 
For example in Table 8, the interaction column 
shows there is a minor to insignificant interaction 
between A I (when a prime occurs with so i1 parameter 
symbol it indicates that the value of soil parameter, 
in this case pore size distribution exponent, in-
creases with depth, otherwise its value decreases with 
depth) and n (porosity decreasing with depth). Thus 
for A and A I the add i t i ve 1 aw of effect does app 1 y . 
To see this in more detail, at a depth z = 1.2 the 
degree of saturation for homogeneous soil Sl = 0.6799. 
For the case in which pore size distribution exponent 
is increasing with depth (0.7 to 1.3) S7 = 0.6708, 
and the case in which porosity decreasing with depth 
(0.62 to 0.18) is S5 = 0.6713 (subscripts are the 
problem numbers as shown in Table 1). The change 
in the degree of satur at ions in these two cases is 
0.0177 (S7 - Sl + S7 - S5 = 0.0177). In Problem 
No. 19 the two soil parameters are varying s imulta-
neous1y. The degree of saturation at depth 1.2 is 
S19 = 0.6620 which is about 0.0177 less than the 
homogeneous soil. Thus the additive law of effect can 
be applied here. 
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Figure 4. Graphical solution glvlng the difference between the instan-
taneous i nfi 1 tra ti on ra te for homogeneous and heterogeneous 
soil, ~f; based upon linear coefficients which describe het-
erogeneity as a function of depth. 
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Figure 6. Graphical solution glvlng the difference between the lateral 
movement of wetti ng front for homogeneous and heterogeneous 
soi 1, i1H. Based upon 1 i near coeffi ci e nts whi ch descri be het-
erogeneity as a function of depth. 
30 
CONCLUSIONS 
1. Heterogeneity of the soil due to variation of 
soil hydraulic properties along the soil profile has 
sign ificant effect on all infi ltrat ion characteri st ics. 
2. There is minor to insignificant interaction 
between the soil parameters. No interact ion effect 
exists for vertical penetration and horizontal move-
ment of wetting front. 
3. The additive law of effect can be applied in 
using coaxial graphs. That is coaxial graphs provide 
31 
reasonab 1y accurate estimates for more than one soi 1 
parameter variation at a time. 
4. The difference in solution feature between 
the solution obtained by considering the variation of 
a soil parameter and the solution of the homogeneous 
soil are consistent in sign. This indicates that the 
magn itudes of soi 1 parameters of upper part of the 
soil profile has a determining effect on the solution 
of the problem. 
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APPENDIX I 
TABLE 2.--Disbribution of Saturation and Existing Difference Between HomoJ~!IGJ~S and Heterogeneous 
Soils Along the Axis of Symmetry dt Dimensionless Time T = 1.88 . 
.. . -. -.-..... -.......................... -.- ..................................................................... . 
Pardilleter 
•• ~~~i.e~ ••••••• ~o.n= ••••••••••••••••••••••• ~~ •••••••••••••••• ~: ••••••••••••••••••••••••••••••••••• K~ ............ .. 
................................................................................................................... 
i.OOO 






O,9QOO 0,'1000 0,0000 0,'1000 0,0000 0,'1000 0,0000 0,9000 0,0000 0,9000 0,0000 
O,eQOT 0,71121 ·O,078q 0,831'1 ·o,ooee O,8aq2 0,0035 O,~H7 .0,0010 o,eqoo 0,0053 
0,7801 O,ollqO ·0,1155 0,7057 ·O,OlaQ O,7ello 0,00.5 0,7775 .0,0020 0,7'/00 0,0099 
0,7270 0,5'108 ·O,1l08 O,707b ·0,0200 O,729b 0,0020 O,722Q -0,0052 0,7QII 0,0135 
0,07'1'1 0,"391 -0,OQ08 O,o~20 -0,0271 0,001>4 .0,0135 O,b713 .0,0080 0,10955 ~,0151> 
0,0311 O,~77Q -O,15H 0,51132 ·0,0381 0,1>1'15 -0,0118 0,018'1 .0.012Q O,bq03 0,0150 
0,5740 0,1'11'1 -0,1 8 07 0,51'10 -0,0550 0,5507 ·0,0239 0,558" -0,0102 0,58]8 O,OO'1i 
0,4<;177 0,2'105 ·0,2072 O,QOlo ·o,oCjql O,Q5"Q "O,OQ33 O,Q7'11 .0,0Ibo O,a77 .0,0100 
0,1015 0,l'181> ·0,002'1 0,2350 ·0,12511 O,2h5 ·0,0870 0,.1487 -0,0128 0,l8Sq .0,0701 
0,25Qo O,lll8 0,0072 0,U88 ·0,0258 O,lcH -0,0709 0,2S51 0,0005 0,2537 .0,0009 
O,l5111 O,H81 0,0920 O,12U "0,011'1 0,1088 .0,0815 O,25U 0,0000 O,2!103 0,0000 
TABLE 2.--Continued . 
............................................................................................................... 
Parameter I P , S ' n' K~' 










0,'1000 0,'1000 n,oooo 0,'1000 0,0000 0,'1000 0,0000 0,9000 0,0000 0,9000 0,0000 
O,6ijOl O,/iQI3 0,0000 0,6510 O,Olll 0,6300 -O,Ooul O,6uI5 o,oooe O,6JSb -O,oon 
0,7601 0,7796.0,0001 O,7'18Q 0,0183 0,7'"" -0,0055 O,78lQ 0,0023 O,17I~ .0,001111 
0,H711 0,7239 -0,0037 0,71193 0,0217 O.72QO -0,00311 0,7122 O,OOllb 0,71113 -0,0113 
O,b799 O,bl08 -0,0091 0,70'55 0,0250 0,0611 0,0012 0,b674 O,007~ O,boH -O,OIZ7 
0,10313 O,ol!>2 -0,01111 O,blol7 0,01211 O,OQOO 0,0087 O,bUB 0,0110 O,bl'12 "0,0121 
O,'>7l1b 0,'5118Q -0,021>2 O,bl'll O,OQ45 0.~9Qi! 0,01110 0,5b'l7 0,0151 O,~ooo -O,O~IIQ 
0,11977 0,11515 "O,OQ02 0,51>110 0,01081 O,53Qo 0,01"'1 0,'3175 0,01'18 O,!>007 0,00]0 
0,3b15 0,21182 -0,1133 0,5'155 O,i!3QO O,Q352 0,0737 O,l~711 0,0259 o.uOH 0,01117 
0,251111 0,21211 -O,OQ20 0,3833 O,Ue7 0.H05 0,0719 O,HSO 0,00011 0,20311 0,00'0 
0,2'51>3 0,2011'1 -O,OQIIII O,i1l811 O.Olll] O,H38 0,0875 0,2'511] 0,0000 O,l50) 0.0000 
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TABLE 3.--Distribution nf Capillary Pressure and Existing Difference Between Homogeneous and 
Heterogeneous Soils Along the Axis of Symmetry at Dimensionless Time T = 1.S8. 
·P·a~:I;:t~;········-·································· ......................................................... . 
Varied /Wne A P S 
••••••• - .-••••••• -_ •• _. -•• -- -- _ ••••••••• .b ••••• _ ••••••••••• r •••••• _ ••••••••••• n.. ...... _ ......... ~" ... _ ........ _ 
Z p P P -p P P _p p p _p P 
CI C2 e2 C, e 3 e3 c, c4 c4 c i Cs Pes-Pc, PC6 
............................................................................................................. 
l, 0 00 101111 1,1011 -O,Olc~ l,q711 O,lQOO 1,1538 0,0205 1,1131 0,0000 1,IHl 0,0000 
1,500 1,2107 1,1029 0,0722 I,SQS8 0,1151 1,2~H 0,0210 1.2~2" 0,0017 1,2211 .0,OO~ij 
1.1Qij'1 1,~lOO 0,1811 l.b291 0.2802 1,17Q9 O,02bO 1.35.7 o,oo~a I,uao -0,0209 
1 •• 7Ib 1,7758 O,lO~2 1,7071 0,2357 1.5011 0.0295 I,Q6s0 a.OIl" 1,"1H .0,0337 
1, C 00 1,00"2 2,0891/ 0,"857 1,71128 O,I88b l,b)81/ O,OlQ7 1,&'05 O,02b3 1,5582 -O,OUbO 
1,000 1,7bb2 2,59bQ 0,8102 1,9177 O,I5i5 1,810U O,OQ"2 1,~128 0,0""0 1,7127 -O,OS35 
0, ciOO 2,0017 1,1717 1.7720 2.1b5ij 0,1011 2,Ob81 O,Ocbij 2,0180 O,Olb1 1,95Q5 -0,0"22 
0,000 
",qQ"5 7,130Q 5,2859 2.9"95 0,5050 2,SO"1 O,IHe. 2,5831 O,I38b 2,5173 O,072b 
".01'15 8,]90Q Q,H09 8,I2'1Q Q,I01l9 ",9]l0 0,'1125 u,2H" 0.2589 o,2H2 2,2':lH 
O,lOO 8.1211 8,2000 0,070'1 8,19'19 0,0708 e,l771/ O,05QS 8,08lS -O,OH} 8,I9n 0,07.2 


















s ' r 
p -P 
~ ~ 
1\' K ' v 
I,IH] 1,11158 O,Ob25 O,711H -O,lijOO 1,1116 -0,0157 1,1311 0,0000 I.lll] 0,0000 
1,2307 1,11211 0,0819 0,'1190 -0,11\7 1,2111 -O,Ol7b 1,2291 -O,OOlij 1,2193 0,0081> 
1,}Q8'1 I,Qijl5 0,09211 1,0750 -0,2739 l,l2'H -0,0197 l,lijijO -O,OO~Cj 1,3077 0,0188 
I,Q7111 1,5b01b 0,0'110 1,2ij82 -O,223Q l,ijQ9~ -0,0221 l,ij~OI -0,0115 1,5010 0,029" 
l,bou2 l,bSlb O,07'1ij I,Q183 "0,1105'1 1,5788 -O,025ij 1,5816 .O,C22ij I,o"~ij O,O~Cj2 
1,7bb2 1.6270 O,Ob08 1,05Q8 -0,111" 1,73Q8 -O,Ollij 1,720b -O,Ol'l) 1,811ij O,OQ52 
2,0017 2,Ou3'1 O,O~22 1,'1205 -0,0812 I,Y5e.S -O,ouS2 1,'1311 ·O,Ob8" 2,0"0" 0,0187 
2,Uijq') 2,522b D,0781 2,268] -O,15b2 2,l~OQ -O,O'lUI 2,1128 .0,1117 2,"l18 -0,0207 
Q,OI'1,) 10,2283 2,2088 2,~OlO -1,1105 1,5067 -0,5108 l,~80] -O,uH2 l,~b03 -0,41'101 
8,1231 8,1992 0,0701 u,51b8 -l,bObl 7,9179 -O,luS2 8,0'170 .O,CHI 8,0 9 70 -0,0201 
1,9'198 8,0000 O,OOOl 7,Q]ljq -O,50ijQ 7,9992 .0,00011 7,q~~a 0,0000 7,9~ge 0,0000 
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TABLE 4.--Infiltration Rate and Exi~ting Differences Between Homogeneous and Heterogeneous Soil at 








0, II a 
0,20 a 
a ,lila 




1',2l17 2,2'1'12 I, 0775 1,28H 0,0055 I,OHO -O,IQS7 I. 7S72 0,5)55 I,Uol -o,ooa 
0,7111 0,7818 O,OH7 0,7870 0,0705 O,oQ07 -O,070~ 0,8780 0.lob9 0,7080 -O,OOll 
0,5551 O,U2'15 -0,1256 ~,b1Q5 O,Oo~2 0,504'1 -0,050" O,b"bb 0,0'111 0,5512 -0,00 4 1 
0,"7]4 0,2800 -0,19)" O,52b4 0,0510 0,")18 -0,0]90 O,52b7 O,O~51 O,Ilb81 -0,005) 
0.4321 0,2111 -O,21~8 O,u705 0,0"." 0,3973 -0,03"8 O.Hol O,Olb~ 0,"201 -0,005& 
0,]992 O,I1bO -O,Zlll 0,4351 O,Olbl O,loe's -0,0)07 0,"220 0,023" O,l~2" -0,0008 
0,3818 0,1531 -0,2281 0,"102 0,028" O,J'ill -0,0281 0,3'111 0,015) 0,37"2 -O,007b 
0,3783 0,1411> -O,2J'" 0,4004 0,0221 0,)"49 -O,028u O,!8Qo 0,0113 0,)100 -0,0081 
0,1774 0,118" -O,2HO 0,3947 0,017) O,H'IO -0,0284 0,1800 0,00'12 O,lb87 -0,0087 
O,H71 0,134'1 -O,2u22 O,l'10Q 0,0138 0,3481 -0,0264 0,)641> 0,0075 0,1081 -0,00'10 
o,l771 0,1325 -0,24"0 0,3660 0,0109 0,)481 -o,02e~ O,l819 0,0008 0,3079 -O,OO'1i 
TABLE 4.--Continued . 
................................................................................................................. 
Pararreter 
Vdried None~' Pb' Sr' n' Kv' 
............... -......................................... _ ...... -......... -.- .. -... -- ........... -..................... . 












0,7111 0,8'1'17 O,l~eb 0,1>171 -0,0940 O,1HS 0,01>54 O,~6'1'1 -0,2212 0,7141 0,00)0 
0,5551 0,10145 0,11'12 O,U853 -0,0100 O,bOl1 O,OU58 0,4415 -0,1118 O,5!>91 0,0040 
O,H]q 0,5582 O,OS48 0,4184 -0,0550 O,506Q 0,0350 O,~082 -0,005.2 O,~781 0,005] 
O,ulll 0.4'1'11 O,Ob10 0,3679 -0,0"112 O,4b28 0,0307 0,]8'1'1 -O,O~U O,4181 O,O~I>O 
O,H'!2 O.~515 0,0543 0,3040 -0,0152 0,425'1 O,02b7 0,3131 -0,0201 O,~Obi! 0,0070 
0,1818 0,"250 0,04)8 0,35"5 -0,0273 0,"0104 0,0240 O,HSo -O,Olb2 O,l6'1o 0,0078 
0,]763 O,~131 0,0354 0,3545 -0,0238 0,4023 0,0240 O,lOSI> -0,0127 0,1800 0,008) 
0,37711 0,11007 o,02'n 0,3545 -0,022'1 0,110\3 0,023'1 0,3056 -0,0118 O,l6ba O,OOH 
0,3711 O,UOI'1 0,02116 0,3545 -0,0220 0,11010 0,023'1 O,lOSo -0,0115 O,lObO 0.0089 
O,H71 0,3983 O,O~12 0,1545 -O,022b O,QOIO O,OH'1 0,310511 -0,0115 O,sellO 0,0089 
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TABLE 5.--Volullle of Water Applled and Existing Difference Between Homogeneous and Heterogeneous Sc;il 
dt Different Time Steps . 
................................... l1li ........................................................................... .
Para,lIeter 
VUl ed NOlie K y 










0,001>1 0,0114 0,005] 0,0004 0,0003 0,0053 -0,000& 0,0087 0,00211 0,00111 0,0000 
0,0142 0,0157 0,0015 0,0157 0,00\5 O,~128 -U,OOI4 0,0175 0,0033 ~,QI"I -O,O~OI 
O,OZ77 0,0214 -O,OOto\ 0,0]09 0,0032 0,0252 -0,0025 O,032J 0,00411 0,0215 -0,0002 
O,052n 0,0]08 -O,Oi'12 0,0579 O,OOSq O,O~77 -0,0041 0,0581 0,0001 O,OSl4 -0,00011 
O,1~17 O,Obb8 -0,08"9 O,IbS4 0,0137 0,1400 -0,0117 O,It05 O,OO~8 0,1"9\ -0,00",10 
O,25 Qo 0,1040 -O,155b 0,2789 0,01'13 0,2"00 -O,OIH O,211QQ 0,0103 O,~5"~ -0,0052 
0,3707 0,1407 -O,21no o,Hza 0,0217 0,3"28 -O,n2H 0.3&18 0,0111 0.lb211 -o.ooel 
0.4810 0,1170 -O,lObO O,505i? 0,0222 0,""07 -O,Olbl 0.~947 0.0111 0.~1I9 -0,0111 
0,5951 O,2111 -0.3820 O,bl15 0,0218 0,550'1 -0,04"8 0,.081 0,0124 0,5810 -0,01"1 
0,7089 0,2491 -0,45'18 0,72'15 O,020b O,bS54 -0,0515 0,7211 0,0128 0,,,'1110 -0,0113 
TABLE 5.--Continued. 
P4rameter 
... V: ~ ~:.~ .......... ~~~: ..... : ~ ....................... ... ~b ... 'e ee ..................... ; ~ ~ ................... _ ••• : ...................... ~~I_ ............. . 
0, 0 O~ 
0, 050 









O,OObl O,Ooeq 0.0021 0,0057 -O.OOO~ O,OOb8 0,0007 O,OOH ~O,0029 O,OObl 0,0000 
0,01"2 0,0\79 O,OOH 0,0121 -0,0019 O,OI'!!S O,OOIl 0,00'17 -0,00"5 0,01"2 0,0000 
0,0277 O,oll1 O,OObO O,02UZ -0,0035 0,0300 0,0023 D,OUO -0,0057 o,on'l 0,0002 
O,O~20 O,Obu 0,00'14 0,0400 -0,00100 0,055'1 O,OOH 0.04"9 -0,0071 O,O~?b O,OOOb 
O,OAb4 O,O'lqe 0,0114 0,0775 -0,008'1 0,0'125 O,OObl 0,0779 -0.0085 0,0870 0,0012 
0,1517 0.1723 O,020b O,llS] -0,0134 O,Ibl8 0,0101 0,1"17 -0,0100 O,1~41 O,002b 
O,Zo;QII O,2SH O,O~'17 0.2q10 -0,018& O,27bl O,Olb7 O,2~bb -0,0110 0.2b 4 '1 0,0051 
0,3707 0,4054 O,03~1 0,1511 -O,OI'lb 0,3'1412 0.02l5 0,35'11 -0,0110 O,31b8 0,0081 
0,"830 0,5205 0,0375 0."bU5 -0,0185 O,513b O,0lOb 0,4708 -O,OI2l 0.41'1"1 0,0111 
O,59H O,Iol~'1 O,Ol'l2 0,5798 -0,0159 O,oll5 O,onb O,5611 -O,OIH 0,110'19 0,0141 
0,708'1 0,7488 D,Ol'l9 O,II'Ibl -0,0128 0,1518 0,0449 0,0'159 -0,0\30 O,72bO 0,0171 
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TABLE 6.--Horizontal Movement of Wetting Front arid Existing Difference Between Homogeneous and 
















0,20110 0,1000 0,1000 0,1000 0,1000 0,2000 0,0000 0,2000 0,0000 o,2~00 0,0000 
0,3000 0,1000 o,ouoo O,uooo 0,1000 0,1000 0,0000 ,0,3000 0,0000 0,1000 0,0000 
O,uOOO ~,"oo" o,ooon 0,'5000 0,1000 o,uooo 0,0000 0,"000 0,0000 0,"000 0,0000 
0,5000 (',4,)00 -0,1000 O,bOOO 0,1000 0,5000 0,0000 0,'>000 0,0000 0,5000 0,0000 
G,oOIlO o,~ono -o,lnoo 0,7000 0,1000 0,1>000 0,0000 O.~OOO -0,1010 0,0000 O,OOCO 
O,dOOO O,bOOO -0,20')0 0,9000 0,1000 o,eooo 0,0000 0,7000 -0,1000 0,8000 0,0000 
1,11000 O,bOOO -O,-OJO I,ZOOO 0,2000 1,0000 0,0000 O,bCoOO -0,2000 0,9000 -0,1000 
1,1000 0,7000 -0,"000 I,QOOO 0,1000 1,1000 O,oono 0,9000 -0,2000 1,1000 O,JOOO 
1,2000 0,8000 -O,~OO(l 1,5000 0,1000 1,2000 0,0000 1,0000 -0,2000 1,2000 0,0000 
1,1000 0,9000 -O,UDOO l,bOOO 0,1000 1,1000 0,0000 1,1000 -0,2000 1,3000 0,0000 
I,UOuO O,QOOO -0,5000 1,7000 0,1000 l,uOOO 0,0000 1,2000 -O,lOOO 1,,,000 0,0000 
TABLE 6.--Continued . 
................................................................................................................ 
Parameter 












G,lOOO O,JOOO O,lono O,ZOOO 0,0000 0,2000 n,oooo 0,3000 0,1000 0,2000 0,0000 
0,1000 O,UOOD 0,1000 O,lOOO 0,0000 O,lOOO 0,0000 O,uOOO 0,1000 O,lDOO 0,0000 
O,uOOO 0,'5000 0,1000 O,qUOO 0,0000 O,uooo 0,0000 0,5000 0,1000 o,uooo 0,0000 
0,'500n 0,7000 O,20no O,uOOO -0,1000 0,5000 o,oono 0,7000 O,200Q 0,5000 0,0000 
O,bOOO O,8noo 0,2000 0,5000 -0,1000 O,bOOO 0,0000 0,8000 0,2000 O,buOO 0,0000 
0,80~0 1,0000 O,zonn O,DOOO -0,2000 0,8000 0,0000 1,0000 0,2000 0,6000 0,0000 
1,0000 I,looo O,JOOO 0',6000 -0,2000 O,qOOO -0,1000 1,2000 O,zooo 1,0000 0,0000 
1,1000 1,5000 o,~ooo O,qOOO -0,2000 1,1000 0,0000 1,"000 0,1000 1,1000 0,0000 
1,2000 l,bOOO O,UOOO 0,9000 -0, 3~oO 1,2000 0,0000 1,5000 0,3000 1,2000 0,0000 
l,lOOO 1,8000 O,SOOO 1,0000 -0,1000 l,lOOO 0,0000 l,bOOO 0,1000 1,1000 0,0000 
I ,40 a 0 I ,90 a a 0,5000 I , 10 a 0 • 0,3000 I ,lD 0 0 .0, I 000 I ,8 a 0 0 0,11 0 a 0 I , ~ 0 0 0 0, 0000 
39 
TrIBLE 7.--Vertical Penetration of ~Jetting Front and Existing Difference Between Homogeneous and 
::eterogeneous Soi I sat Di fferent Time Steps . 
•• p.J.~:;;:t.e; .......................................................................... -.. u .......................... - ................ . 
... v::~ ~d •• __ • __ ~~:e_ ............................... ~b .............. _. _._ :!._ .......................... Fl._ ...................... ~" ................ . 
0, OilS 
0,050 
0, I I u 
O,20u 
o ,lll 0 






n,looo O,lOOO 0,1000 u,lOoO O,IOUO O,ZUOO 0,0000 0,2000 0,0000 O,ZOOO 0,0000 
0,1000 O,~OOO 0,1000 O,ijOOO 0,1000 0,1000 0,0000 0,3000 0,0000 0,1000 0,0000 
O,SOOO 0,5000 O,UOOO O,SOOO 0,0000 0,5000 0,0000 O,ijOOO -0,1000 0,5000 0,0000 
o,ooon 0,1>000 o,OOon 0,7000 0,1000 0,7000 0,1000 O,bOOO 0,0000 o,~OOO 0,0000 
0,8000 O,BOOO 0,0000 O,QOOO 0,1000 0,6000 0,0000 0,7000 -0,1000 0,6000 0,0000 
1,1000 0,9000 -0,2000 1.1000 0,0000 1,1000 0,0000 0,9000 .0,2000 1,0000 -0,1000 
I,lono 1,2000 -0,1000 1,3000 n,oouo 1,3000 0,0000 1,2000·0,1000 I,HOO 0,0000 
1,5000 1,3000 -0,2000 l,ijOOO -0,1000 1,5000 0,0000 l,ijOOO -O,10vO I,~OOO -0,1000 
1,7000 1,5000 -0,2000 l,bOOO -0,1000 1,70.00 0,0000 1,0000 -0,1000 1,I>vOO -0,1000 
1,8000 1,0000 -0,2000 1,7000 -0,1000 1,8000 0,0000 1,6000 v,OOOO 1,7000 -0,1000 
2,0000 1,7000 -0,3000 1,8000 -0,2000 1,9000 -0,1000 2,0000 0,0000 1,9000 -0,1000 
TABLE 7.--Continued . 
... ---- ....... -_ ................ -..... -.- ............... -.. _ .................................... --............. . 
P~ra"'eter 










O,ZOOO 0,1000 0,1000 O,ZOOO 0,0000 O,ZOOO 0,0000 0,3000 O,IOuO 0,2000 0,0000 
0,5000 O,ijOOO 0,1000 0,3000 0,0000 0,3000 0,0000 o,~OOO 0,1000 0,3000 ".0000 
0,5000 0,1>000 0,1000 o,~OOO -0,1000 "0,5000 0,0000 O,bOOO 0,1000 0,5000 0,0000 
0,0000 0,7000 0,1000 O,bOOO 0,0000 0,7000 0,1000 0,8000 0,2000 0,7000 0,1000 
0,8000 O,IlOOO 0',1000 0,8000 0,0000 O,ijOOO 0,0000 0,'1000 0,1000 0,8000 0,0000 
1,1000 1,1000 0,0000 1,1000 O,ooon 1,0000 -0,1000 1,2000 0,1000 1,1000 0,0000 
1,]000 1,3000 O.I,JOO l,ijOOO 0,1000 l,lOOo 0,0000 I,UOOO 0,1000 1,3000 o,o~oo 
1,5 1)001,50000,00001,11000 0,10001,50-000,0000 I,boon 0,1000 l,bOCO 0,1000 
1,70UO 1,1>000 -0,1000 1,9000 O,i!OOO 1,7000 0,0000 1,7000 0,0000 1,7000 0,0000 
1,6000 1,7000 -0,1000 l,OOOO 0,2000 1,'1000 0,1000 l,bOOO 0,0000 1,'1000 0,1000 
1,8eo 2,0000 1,&000 .-0,2000 2,0000 0,0000 l,OOOO 0,0'00 i,OOOO 0,0000 2,OuOO 0,0000 
40 
:: 
TABLE 8.--Distribution of Saturation, Main Effect and Interactive Effect Along the Axis of 
Synunetry at the Dimensionless rime [ = 1.88. 
p~;~~~--------------------------------------------------------------------
Varied None Pb . A & Pb 
--------------~------------------------~~-----~--------------------------









Varied None S I l' & S I r 
-----------------------------------------------------------------------------








2.0 0.9 0 00 0.9000 0.9000 
1. d Ii. 1141) 1 O.7eJLJ~ o. ~ U 9 
1. b l) • 7 'in 1 0.b6L1n 0.7 e57 
I.LI 0.7270 0.590~ 0.7070 
I. l O.b79Q 0.b391 0.b526 
1.0 o. t1313 0.1l77L1 0.5932 
o.~ 0.5740 0.H3Q 0.5\90 
n.b 0.!l977 0.2905 0.1.1050 
11. " U.\015 0.2Q8b 0.2350 
0.2 °.2540 o .H18 0.2;?88 

























o.o~tI" o • I) ~ 73 
0.0'11)13 0.0551 
0.043b 0. 0 030 
-0.00b7 0.020b 
0.0428 0.1'1809 






Varied None AI Pb .\1 & Pb 
-----------------~---~,---.---------------~--~------------~--------~--. 
Sl S7 S3 S13 
Effect 





?.O 0.9001'1 n.QOon o.qoon n.'iOOO 0.001'10 1'1,0001'1 -1'1.0000 
1.0 0./!II.I07 o.70cU O.~~ob 0.74'12 -0.0829 -O.Ooeb eo.oO'l5 
I, b 0.7 8u 1 O.ob"" 0.7711l) r.,Cl4H2 eO. 1210 -o.olnQ -O.O(ISS 
1.'4 1l.727n 0.5'1b/1 0.7;?"0 I),Sk~5 -0.135b -0.01'161.1 -0.00,,9 
I. c 0.tl7qQ O. 03Q I n. b'lll 0.532 Q -0.0945 -0.0525 -0.0537 
1.0 0.0 J 13 O.il77" n.6llno 1'1, '4 '1,4 .0.1503 o.nOb" -o.nOl'l 
O. t! 0.57"0 O.39H 0.5Q"" n, "I" ~ -0.1811 O.OIQl -0,0001 
0.1) o .l.Iq77 O,2lto,; 0.53110 11.32b" -0.l077 0.03bl.l -n,rJoo5 
,) • 1.1 n. Hl'5 O.?qf<b 0.4352 0.31 B I -O.OQO(l o.nilob -n.0271 
0.2 0.251.1b 0.3211l 0.3205 1'1.31\50 0.Ob32 n.Ob78 -o.nOIiO 
0.1'1 0.2Sb3 0.31l"~ (), Julfl n,t;2L1Q O.OBbb 1'1.1'1821 -0,1'1055 
TABLE 8.--Continued 
--------------.--------------------~-----------------------~--.----------~--Parameter 
Vari ed Nont: A 5r .\ & Sr -------~------------------------------------------~~----------~-------------Effect Effect Inter-
Sl S" S4 S15 of ,\ of 51' action 
--------------~-~-~-~--~.-------------------------------------------------- -----------------------------------.---------~~--~-------------~~----
2.0 1'1.9000 0.91'100 0.9noo o.qOOO 0.0000 0,0000 -1'1.0000 2.0 0.9000 O.Q00() O.qOOO 0.'i000 0.01'100 0.0001'1 -c.nooo 
I. B O.fI"07 o. ~111 ~ 0.8J19 0. 113,,7 0.00 I 7 -0.0077 0.0011 1. it i), 8 ",07 O.702~ 0.64'12 O.77l1o .0.0740 0,0()79 O.OOijij 
1.0 0.7801 0.7798 0.7t1S7 0.7675 0.000,11 -0.0134 0.0010 1.0 0.71'101 0.b6il6 O,7Fo,I.Ib O,o]'¥b .0.1101 O.OOqq 1'1.0053 
l.lI O.727b O.721Q 0.707b 0.7n1.l8 -0.003~ -0.0190 0.0004 I.:j 0.727b O.SQbli 0." 29b O.bOH] -0.1200 1'1.00011 0,0 0 ,,7 
1.2 n,b79Q O.b70/j 0.oC;2b O.b42S -0.0096 -0.0271'1 -0.0005 1.2 n.07'FI 0.03Q, n.bbb4 n.S411 -0.08tcl -0.05'17 -0. Olj 12 
I • Q 0./-)313 0.b152 0.~932 0.S737 -0.0178 -0.0398 "0.0017 1.0 0.b311 O, .. 77il 0.01 9 15 1'1. 4707 -0. IS!" -0.00'12 0.0025 
0." 0.'57'10 0.~1j"£J 0.51 QU 1'1. 11 1150 .0.(j2~8 -O.0~Q2 -O.OOlb o.~ 0.571.1b 1I.~'il'l O.5C;n7 1'1.1711 -O.IFlOi.' -O,Oe.B O.OOOIl 
O.b 0.I.IQ77 O.4':1lc; 0.4036 0.3207 -0.0640 -0.1121.1 -0,0183 O.b O. "q77 0.2'10<; 0.w5'1L1 0.i!53b -O.i!Ollt"l "O.OLlOI 0.0032 
O. " 0.3bl'5 O.l4lo\? O.i!J~o 0.lOil7 -0.07i!1 -11.0AII7 0.01<12 0.'1 O.HIS 0.2 Qht) 0.27'1':1 0.21.1QO .0.OIl'l2 -CI. Obli 3 0,0 II:! 7 
o.? O.;?Cj 4 0 O.cli'/-) O.~;?BA 0.1_9i15 
-0.0382 -0,0220 0.0038 0.2 0.2Sl.Ib (1.3216 0.11137 0,2':179 0.0707 -0,Ob71.1 0.00]5 















Vari ed None A' ~r ' A' & 5
r -----------~---------~--------------------------~-----------------~----~ 






ac t ion 
-----------------~~--.----~-------~~---~------~------------~--------------
Z,O O,QOOO 0,"000 0.90UO 0."000 0,0000 0,0000 -0,0000 
t ,II 0,8401 o. t!U I j O,8t142 0,b4UI 0.0001 0,00\1 
-0,000" 
1,0 0,71\01 0.77~8 0,7 Al4b () , 71' 31 
-O.OOOq 0.0039 -O,OOOb 
1,4 0,727b 0,7239 1l,7?9b o,7ZIJU 
-Oo004tJ fI, 00 12 
-0 0 °008 
I, ? a ,1:.7'1Q 0.b7011 O,bbb" O,co54 -0,0050 -O,009tJ 0,00111 
1,0 O,oll3 0.0152 0.b19S ( 0 001)'11 -0.0170 -0 0 0133 -O.OOIS 
O,Il O,574b 0.S4h4 0.Sc;o7 0,51 q.IJ 
-000Zb7 -0.02e5 -O,o02b 
0, b 0,1.1971 0.451'5 O,4S4~ o,3Q7u 
-O,051b -00utJ~7 
-0.0°51.1 
0, OJ ('.3015 0.24!j2 0.271.15 0.172c -00107b -0.0/;13 0 0 ('OS 7 
O.c? 0.Z54b 0.21?b 0.1 A17 O,I31lIJ 
-0,0"30 -0 0 0126 -0,0017 
0,0 0,2So\ O,2ubQ 0,1668 (I,I13b 
-0.0523 -0.01i04 -O,OOi?9 
TABLE 8.--Continued . 
Parameter 
Varied None A' ,Sri ;>" & Sri 





2, () 0,9000 0,9000 0,9000 0,9000 0 .... 000 0 0 0000 -0,1'000 
I, {\ 0,il1I07 0,8111l O,!l!bb 0.b378 0.0009 -0,00l8 0.0003 
I. b 0, 7 ~ (1 I 0,179/\ 0.77"0 0.7753 O.OOOZ -0.0050 0 0 0005 
1,1.1 0,7270 0.7Z3'l O,72110 0,721 b -0,0010 -0,0030 0,0007 
1,2 0,b7q9 0,b70A 0,b811 0.0738 -0,0082 0,0021 O.OOOQ 
1,0 '), b313 0,0152 O,bIJOO 0,b2b6 -0.01117 n. 0 10 0 0,0013 
O,tI 0,':>741> 0,51.1';'1I 0,5qtJ2 0.~723 -0,0241 0,0217 (,0021 
0,0 0,1.1977 0.1.1515 0.5314b 0,,,,971 -0,0419 0. 01.113 O.OOlltl 
0.1I 0,lb15 0,211A2 0."352 ooBli1 .0.1(172 0.0798 0, OOed 
0.2 O,Z5I1b 0.212b 0.32&5 0,e:807 -0,01409 0.0730 0.0011 
0 0 0 11.2'5e] 0,20bQ 0,31.1H o •. H)02 -0.01.l6&' O. (,qO (j O,ilOc!q 
TABLE 8.--Continued. 
--------------~----~-----------------------------~--------------------------Parameter 
Varied None A' 11 ,A' & fl. 
-------------------------------------------------------------------------~ Effect Effect Int~r-
5, 57 55 519 of A' of G action 
------------------------------------~---------------------------------------~ 
?,O 0,9000 O,<loon O,'iOOO 0,9000 0,0000 0,0000 -0,0000 
I. (3 0,1:1 1I II 7 o • Il 1.1 I i 0.8397 n,/ll102 (), ,)000 -0,0010 -0,0000 
I. /) \1,7601 0.77 Q 8 00777&' 0,7768 -0,0005 -0.0028 -0,,)002 
I·, ~ ,) , 7? 7 to O,7nCf 0,7 ZZIl 0,71113 -0,00,5'1 -0,0051.1 "0,0002 
\ .2 0.0799 ('. b 7 0 b O,o7D O,bb20 -0,00 Cf 2 -0,0087 -0.0001 
1.0 O. b 31 ~ 0.0152 O,el!;'l 0,00215 -0,0102 -0.0125 -0.0002 
0,6 0,57(jo O,5l1b,J 0,55811 ('1,'5318 -O.026l1 -O,Olbl.l -O.OOOl 
O,b \1,lI977 0,,,,51'; o,'n'l, 0.1l321l -U,0I46S -0.0188 -o,rlvol 
0,1.1 O,lt'l\5 O,2l1b2 0,3l1b7 n, 243(, -0.1095 -O,oo~o 0,0018 
O.t O,25l16 0,"126 0.2551 ('I,'12b -0.OU2? 0,0003 -o,oonl 
0,0 0.2503 0,206'1 0,"~b3 ('I"Ub 9 -O,0IlQ4 0.0000 0.0000 
TABLE 8.--Continued. 
---------------------Parameter 
Varied None >.. K >.. & K _________________________ ~ __________ 'L. ________________ _ 
Z S, S2 S6 S20 Effect Effect Int~r-
of A of Kv actlon 
2,0 O,qOOO 0,9000 0,9000 
1,8 () • 1\ (j (17 O,7D2~ O,/lLl60 
I, b 0,7/101 O,bbl.l6 0.7'100 
I,ll O,7l7b 0,5'108 (, 0 7 II I I 
1.2 O,b79ct 0,0"391 0,eQS5 
\ ,0 0, b ~ 11 0,~77L1 0.bub3 
O.~ 0.0;7110 O.lq:s'l 0,5~3A 
Oob 0,1.1977 O.2Q05 0,4877 
I),o,j n, 3015 (J,2~tlb 0.2"~4 
0,2 °oZSIJb a 0 ~211\ 0.2'537 









0,2'l81.1 .0 0 0250 
0 • .5218 O.Ob77 



















0,0 a 01 
0.0379 
0.0005 
0,00 () a 
TABLE 8.--Continued. 
·~~;;~r----------------------------------------------------------------------
Varied None K' A&K' 
V V 
--------------------------------------------------.--~-------~-----------~-5, 52 5" 52' Effect of >.. Effect of Kv' Inter-action 
-----------------------------------------------------------------------------
",0 O,ClOOO O,ClOOO 0.9000 0,9000 0,0001) 0,0000 -0,0000 
1,'1 0,1:11107 0,702l 0.t!358 n.7~1\1 -0,07~1 -0,00110 0,0003 
1,0 0,7801 O,bbllb 0.771 S 0.b578 -O,IIIlO -0,ou77 0,0009 
1,4 0,727b O,Sqb8 0.71b3 0.~i\/l8 -0,12'12 -0,00Q7 0,00 I 7 
1,2 0,b799 O,aHI 0.ob72 0,~320 -0,OR80 -O,059Q -0,01172 
1,0 O,oll! 0,1I771J 0.bI9" 0,1I74B -O,IIIQI -0,0073 0,0 (I 4 7 
O,B O,S7 uo 0,3Q3Q O.Sobb 0,14043 -U, 171 5 0.00 12 D.onY2 
n,o 0,11'177 O.2Q05 0.5007 n.30~b -I). I qq2 0,11111 (1,0081 
n,1l 0,~I>15 O.2Q~b 0.101032 0,2qQ2 -0,01l3S 0,021 I -0,0200 
n,2 0,251.10 0.321A 0.263b 0.321R 0,Ob27 O,OOIlS -0,004S 
0, ° I), 2')0 ~ 0.31183 0,2Sb3 n.311113 0.0920 0,0000 0,001)0 
~ TABLE B.--Continued. 
-----------~-------------~-------------------------------~------------------Pa rallle ter 
Varied None A' . K.., A '& Kv 
-----------------~----------~-------------------~------------------------







2.0 O,qOOO O,QOOO O.liOOO 0. 90 00 0,0000 0.0000 -0,0000 
t ,e 0,11'107 O. 8u I .~ o ,!:ILl II O' O,84':1b 0,0001 0,00Ll8 -O,oouS 
I, b 0,1801 0,77Q8 0,7QOO 0,7881 .0.00 II n,OOQI -0,0008 
I,ll 0,7270 0,723'1 0,74 II 0,73511 -0,00117 O.OI2S -0.0010 
1,2 O,b7Qq 0.b70k O,bQS5 O,I>RIII -0,010? 0,011115 -0, 00 11 
1,11 O.b1IJ O,bl52 0,b4b3 0,b275 -0,0174 0,0137 "0,00111 
O,b O,574b O,r,1J8 .. O,S8!J8 O,~s:n -O,O?III O,007~ -O.OOcO 
O,b 0,4Y77 \)."~ 1 ') 0.1.1877 0,11 317 .0, os I I -O,OII1Q -0,00119 
0, oj O,3tllS \I, "'HI2 0,28511 O,(2lb -O,081\b -0,0'5111 0,021.18 
0.2 O,21!>IIb O,2lro 0,2S37 0.212b -O.OtIlS -0,0005 O,ooos 
0,0 0,25b3 0,20bQ 0,21503 0.20bQ .0,011911 0.0000 0,0000 
TABLE 8.--Continued. 
---------------------------------------~--------------------------------~---Parame ter 
_!~~:~ _____ ~~: _______ ~~ __ -_____ :~~----~!~~_:r~ ___ -----________________ ____ 
Effect Effect Inter-
Z 5, 53 54 525 of Pb of 5r ' action 
-----------------------------------------------------------------------------
2, a O,QOOO O.QOOO 0,4000 
1,8 O.bIl07 O.BlIQ 0,/:1300 
1,0 0,7 M a I o. HS 7 0.771l0 
1,<1 '),727 b 0,7076 0.72 1l O 
1, C O,bl'iQ 0,b'521> O,bAll 
1. ° 0,0'113 0,SQl2 0.0400 
0,8 0,57111> 0,51'10 0,SQI.I2 
O.b 0,11'177 0,11 010 0,S1110 
0, II O,lOIS O,235b O,Il152 
0,2 0.2S4b 0,l2!:18 0.32b5 



























-0. a a 111 -0,0005 
0,0008 -O,OOOS 
0,0087 -0,0000 




0,oe911 0, cIa 18 
---~--------------------~-----------~----------~---~-----------------~~ Parameter 
Varied None P' .5. P'&5 
--______________ ~_______ .J.:.. .. ------I;L..--~---________ -__ 
Effect Effect Inter-
5] 5B 54 526 of Pb ' of Sr action 
--------------------------------------------------------------~-~----~ 
2,0 0,11000 0,9000 11,9000 o.c,oOOO 0,0000 0,0000 -3,0000 
I,/S O,811u7 l).oSlO O,/SIIII£' o ,llr,'!! I (j, ° II b O.o1J28 -0,0007 
t ,0 0,780 I 0,7984 0.78110 (" B 0 I 2 0.0175 O,OOH -o,oCloe 
1,4 0,727b O,71.1Q3 O,7Z9t:l 0,71)00 0.0210 11,001" -0,0007 
1.2 O,b7QQ 0,70':10; O,bOOIl 0,7015 0.030" -0,0088 O,Oul!1\ 
1.0 11.blD O.btlH O,b19C; 0.t:lS22 0,032b -0.0110 0,0001 
0,6 0.57L10 /), b I Q I 0,S';07 0, ';Q72 O,OIlS'S wO,on9 0, (\ 0 I 0 
0.0 0,4977 O,~bbO O,Ilc:,"LI O,!)2Qo 0,0718 -O,OHQ 0,0034 
0." 0,3011) O,C;qSI) (1.21115 0,113119 0,1 q72 -0.1238 -O,030b 
0.2 0,25"b O,!BB O.IAH 0,2109 0,0780 
- 0, 1217 -0,0507 





Varied None Pb ' Sri Pb ' & Sri 
-------------------------------------------------.---------------------------
51 S8 S9 
,.0 0.'1000 O,QOOO o.qoOO 
I.P. (I. FIll (17 O./lr,30 0,83bb 
1.1'> 0.71:101 O.1q~1I 0,77Uo 
1.11 0.7270 0,7I1Q, 0.72110 
1,2 O.b7Qq 0,7055 0.01111 
1,0 0.03 I 3 O,bb17 O,b~OO 
O. !l 0.57Uo O.oIQI 0.1)9112 
n.b 0.11971 O,SobO 0,53"0 
0." 0,3015 0.SQS5 0,'1352 
n,2 O,25Uo 0,38D 0.3?b5 













0. 4 020 
Effect 
of P b I 
0.0000 
0,0 uo 




































_ ':..a!2.:~ ____ ~! ____ !.L. __ ... ____ rt.:. ____ ...:.~_T] ____ ---______ -__ 
Effect Effect Inter-




t ,0 0.780 I 
1.4 0,7270 
1,2 0.079 9 
1,0 O. b 313 
O. FI 0.57'10 
O.b (;.lIq77 
0.11 0.1015 
0.2 0.2S Ub 























0. 90 00 0,0000 0,0000 -0,0000 
0,1:1302 .0,0091 -0,0013 -0,(01)11 
0.1615 -0,0152 -0,003 a "0,000/:1 
0.7002 -0.0211 -0,00b3 - 0,00 II 
0.b413 -0,028b -0.0099 -0.0014 
0,5775 -0,0.39'7 -0,011l0 -0,0017 
(I.U9S11 .0.0578 -0,0184 -0,0022 
0.5757 .0,098,11 ·0,0232 -0,00110 
0,23"8 -0.1199 -O,OOO~ O,OObO 
n,2288 -0,02bO 0.0003 -0,0003 
0.211411 -O,OclCl 0.0 I 0 a 0,0 I 00 
TABLE 8.--Continued. 
-------------------------------------~-----------------------~---------------Parameter 
__ ~a...r~~ ____ ~~l: ____ .!jl _______ ....:~ ________ P b :~~ ____________ - ____ _ 
Effect Effect Inter-
Z S1 53 510 529 ')f Pb of nl action 
------------------------------~------------.. -~~----------~--------
2,u 0.9000 0,9000 O.QoOO 0,9000 0/0000 0,0000 -0,0000 
"I,P> 0,/1'107 O,/l5IQ 0.1l~15 o.tl.BU -(J,008S O,OOlo:! 0,00011 
1,1> o. 78(11 0.1657 0,78211 0.71>Q7 -0,0135 O,on32 0,0009 
I,U O.7l'7/') 0,701b O,7J22 0.7 I 'I fo -0.0IM7 O.OOSQ 0,00 15 
1 ,~ 1),07 'iq 0,1>')21> O,bBlu O,ob35 -0.025b 0,0092 0.0017 
1, U O. b 31 S 0.'5952 0,ba23 0, b ,. 67 -O.OlSP, 0,0\ H 0.0023 
o.t'I 0.'57Uo 0.5190 0,'!la'l7 0.S,n8 .0,0528 0, a 1 80 0,0029 
(I, b ll,LJ~77 0,1l0!/) 0.5175 0."321 -0,0P,9/i 0,02112 O.OOull 
I~ , 4 ,) • ~ II I Cj O,2~"'b 0,lA7u 0, ,HI) -0,1372 0,0 I U 0 -0 ,i) 112 
0,2 0,25'10 0,n88 0,2550 0.n88 -0,0200 0,00n2 -0,0002 




_~~:~e~ _____ ~~~~ _____ ~~ ________ :~--_____ ~~::~ __________________________ __ 
Effect Effect Tnter-
Sl 53 56 S30 of Pb of Ky action 
-----------------------------------------------------------------------------
2,0 O,QOOO O,QOOO o.qouO 
I.il I). EHl07 O,IHI'1 O,l\lIbO 
I, b 0, HOl 0.705 7 0,7900 
1,'1 n,7?7b 0.7071> 0,71.1 II 
1, i 0,07QQ 0,b5?6 O,oQS'5 
1,0 0,0313 O.5Q"3? 0,01103 
0,8 0,571.10 O,'iIQO o ,':lI\j8 
0,0 0.'1977 o,~n3~ 0,111\7'7 
0." o,Hle; O,?J'io 0.28511 
0.2 0.2511b 0,2(1<8 n,2c;37 








































Varied Hone A' K ' A' & K ' v y 
--------------~~------------------~-~---------~~------~-~~--------


















0, (l (1,2503 
TABLE 8.--Colltinued. 
0.9000 





















0. 9 000 0,0000 0,0000 -0.0000 
o,~17~ 0, DC) I 0 -0,00'15 o,nool.l 
0,7725 0,0003 -0,0080 O,OI)Ob 
o. 71 '13 -0,0028 -0,0105 0.0009 
O,bb02 -0,0080 -0,0 110 O.OuIO 
0./;054 .0,01 4 9 -0,0109 0.00 II 
(1,"'132 .0,02'1/\ -O,OObb 0,00111 
0./016 I i -0.0'128 O,OOoIJ lJ.O(ll4 
0.3067 -0,10119 0.0501 O,008Ol 
0,2127 -0,O/olb4 0.0045 -(1.00'15 
0.2069 -0,0/0194 0,0000 0,0000 
-------------------------------~------------~~---------~-------------Parameter 
Vari ed None Pb 5t" ,P b & Sr 
-------------------~----.-~------------~-----------~--------------------








?,O 0.9000 0,9000 0.9000 0.9000 0.0000 0.00(10 -0,0000 
1.1l 0,8407 O,!I~lq 0.84'12 0.b3b~ -0,0084 0.00'10 0.(1005 
1, Q 0,7801 0.76')7 0.781jb 0.7713 .0.0159 0,0051 0,0005 
1.'1 0.7nb 0,7070 0.7290 0.'1107 -0,0194 0.002& 0.00015 
t .? 0,0799 0,6'52& 0,&&b4 0.01.lQ9 
-0.0219 -0.0081 0.005'1 
1.0 0.cd11 O,SQ5j! 0.0195 0,,)1117 -0,03110 -0. (J II b 0, O() 0 I 
O,~ O,57ilb O.SICfO 0,5'5u7 O,IIQlb 
-0,0503 -0,()2'17 -0,Ov08 
O,b 0.11977 0.4036 O.I.I'5Ij'l o ,l'i97 
-0,099" -O,OllBb -0.1)053 
0.'1 0.:§bI5 0.2:\150 0.27'15 I) .1799 
-0.1103 ·0.0714 0.01157 
o.e? 0,25i.1o 0.22e8 0.11137 0,1562 .0.02bl:l -0,0718 -0,0009 
O.iI 0.i50~ 0.i211'1 0.1&8B 1).llll -0.OB8 -0.0891.1 -0.0019 
TABLE 8.--Continued. 
-------------------~--------------------------------------------------~--Paranleter 
__ ~~ ~~ _____ ~O'!l! _____ !.h.. _______ ~ ______ ~~_~~~ _______________ _ 
51 53 511 
2. 0 o.qOOO 0.9000 0.9000 
I • ~ f),ALl07 O,I\~IQ 0.8158 
\ ,0 O. 7M 0 I 0.7057 0.171 c; 
I, " 0.7270 O.707b 0.71b3 
I. c l),b799 O.b'5?b 0.bb72 
1. 0 0, /,311 O,S en2 .0, & 192 
0, t< 0,'57Ilb 0.'5190 0.5&bb 
I), b 0,4977 0.40~1> 0,5007 
0, II O.lb 15 0,2~'5b 0,'1032 
o,~ 0,215'16 0,2288 0.2630 






















































Varied None P , . Ki,t' , Ph' & Ky' -----------------------~-----------~-------------------------------------~ Effect Effect Inter-
Sl 58 511 532 of Pb ' of Kv' action 
-------------------------------~--------------------------.---.----~--------
?,O O,qOOO 0,9000 O.qOOO 
1,1:'0 O,B1l07 0.B530 0,8l56 
1.6 0.7/101 O,798IJ 0.7715 
1.4 0.727& 0,7'19'\ 0,71b3 
t,2 0.o79~ 0,705') 0,Ob 72 
\ .0 0.6:S 13 0.0037 0.b1Q2 
0.8 v.57tlb 0,01 9 1 O.Sbob 
O,b 0.'1977 O,~bbO 0,5(107 
0,4 0.31)15 0,5955 0.4032 
0.2 0,254b O,3RB 0.2&36 
0,0 0,.:'5b1 0,2 QIl& O,iSbl 
















































Varied None 5r n. Sr & n ---------------------~-----.--------~--------------------------------------~ 








2.0 0,9000 0,9000 0.9000 o,qOOO 0.0000 0.0000 -0,0000 
1.0 0.8'107 o ,tl'HI2 0.8~q7 O.bll,B O,OIU!:! -0,000 9 0,0000 
1.0 0,7801 0,1846 n.7775 o. H22 0.DOU6 -0.0025 0,0 001 
I,ll 0,727b 0,7296 0.7224 0,72uA 0.Ou22 -0.0050 0,0002 
I ,~ O.b7q~ 0,0664 0.071~ 0,0683 -O.OOB2 -0.00:31 0.0052 
1.0 O,6~D 0,6191} 0,6189 0.007U -0.0116 -0.0122 o. 0001 
0.6 0,57116 0,':1507 0.5584 (1,534'1 -0.0240 -O.0Ib2 -0,0001 
O.b 0, aq 77 O,aSIIII 0.'1791 0.4350 -0. Ou37 -0.0190 -o.oooa 
n.a 0 •. HI5 0.27'15 0.14B7 o.~r:.'IU -O.OBS? -0,0115 O. 00111 
0.2 0.2~"6 0.1817 0.21}51 0.18H -0.0711 0.0004 -0.0001 
o.n O.2~bl o .lb/HI O,lC;o3 (\. I b/\ B -O.Oli7S 0.0000 o.nooo 
TABLE B.--Continued. 
-------------------~--------~-----------------~----~------.-~----------~ Pdrarneter 
Varied None S . n', ·S & n' 
_________________ I __________ ---_.r _________________ -__ _ 
Effect Effect Inter-
Z S] 54 5]0 534 of 5r of n' action 
---------.-~-------------------------------------~--------~----~--------
2,0 0,9000 0.90()0 O.QOOO 
1.8 0.8'107 0.B'I42 0.8u1S 
1.0 0.1801 0.71'\40 0.782'1 
1.'1 0.7276 0.72 Ci b o,1JU 
1.2 0.b799 0,b60U 0.b8711 
1. a 0,6311 0.b195 0.b1l2~ 
O,f'. 0.57110 0.5507 0.Se97 
n,6 0.'1977 O,4C;1I4 O,SI7S 
0,4 O.~bll} 0,27141:1 0.3117£1 
0.2 0.2S~b o. tI'H 0.250;0 




































Varied None Sr' n ,5 r ' & n 
--------------------------------------ffi7ct--Ef~~ Inter-
S] S9 55 535 of 5r ' of r, action 
c?o 0,9000 0.'1000 0.9000 0.9000 0.0000 0,0000 -0.0000 
1,1" 0.1;1107 ('. b 30b 0.lIlli7 O,M'"'' -O,nOIl2 - 0,0011 -0.0001 
I.t> 0,7 b 01 0.774b 0.7175 O,771b -0,0057 -0,ou211 -0.0002 
1. 4 0.7nb 0.7240 0.722u 0.7181 -0,0039 -0,0054 -0.0003 
1,2 0,b7qQ 0, bM I I 0.b713 0.0720 0.001 (J -O,OOBp; -0.0003 
I." O,b313 0.0400) 0.b189 (1.0272 0.0085 -0,0120 -0.0002 
I'l .... 0.~74b O.'!lf.lll? o.Sr;BU 0.5780 O,OIQb -O,Olb2 -0.0000 
{).o O.'IQ77 O"lllb 0.4791 0.Slb2 0.0370 -0.0185 0,0001 
0,4 O. §6 15 0.1I3".? 0,lll!:!7 0.4205 0.0727 -0.0118 -O.OOOQ 
0,2 0),21}1Ib 0.!.?o5 0,21}~1 0,327b 0.0722 0.0001'1 0.0003 
(I. () {\.250\ u,.!.4H 0.('5b3 0.1438 0.0875 0,(001) 0.0000 
TABLE 8.--Continued. 
--------------------------.~-----------------.----~------~-------------------Paralileter 
-~~~~-----~~~~----___ ~~ ________ ~i_----__ ;'_:;~ ____________________________ __ 
Effect Effect Inter-
51 54 S6 536 of Sr of K." action 
---------------~-.----------------------~----~-------------------~------
c,o 0.9000 o.qaoo 0,<1000 0. 9 000 0.0000 0.0000 ·0.0000 
I. e 0.8407 0,1'111112 O.B'IbO 0.!l4!\Q 0,0(132 0.0050 -0,0003 
I. b 0.7801 0.7f<lIb 0.7900 0,7'136 0,00 4 1 0,00'15 -0.1)005 
1. 4 0.721b 0.72'tfl 0.7L111 0.71122 0,0015 O.OIlO -0. (101)5 
I,i!. 0.b7QQ 0.b004 0.0955 0.0'112 -O.OOI!Q 0.0202 0,004i:! 
1.0 O. b 31 ~ O.bl~" O,bL/b3 0.6337 -O,OIZ? O.OIUb -0.0004 
O,b 0.57Ub 0.5.,07 O. ~!\lB 0.~589 -0,021111 0.0087 -0,0005 
n.b 0.a977 O.IIC,1I11 O. '11177 0.1I]q8 -0,n~5b -0,0123 -0.002! 
0.4 (I. ~b I 5 0,2741) 0.2t1S4 O.2D8 .0.079' -O.Ob8U 0.0077 
0,2 0.2Sijb 0.1 bH O.'SH 0.1834 -1).0700 "O,OO('lb 0.0003 





Varied None Sr ~v' Sr & Kv' 
-----------------------------~--------------~~-~--~---------~--~~~ 
S1 S4 Sl1 
2.0 o.QOOO 0.9000 0.9000 
1.1:! 0.8'107 0.1l442 0.81':18 
I. b 0.7801 0.7846 0.7715 
I.Lj 0.727b 0.7290 0.7\03 
1.2 0.b7Q9 0.cb04 0.bo72 
1.0 O. b3 \l 0.01'15 0.i:ll Q2 
0.0 0.57'10 0.5501 O. Sooo 
n.o 0.4977 0.'151111 (').5(')07 
0.11 0.3015 0.27'15 0.1.1052 
0.2 0.25'10 0.1837 0.203& 









(').5 4 1'1 
0.4599 











































Varied None S ' K'y S ' & K ---____________________ I __________ --_____ -~ ___ ~ ________________________ ___ 
Effect Effect Inter-
S1 S9 S6 S38 of Sr' of Kv action 
----------------------------------------------~~--------------------
2.u o.qOOO 0.9(')00 0.9000 O.~OOO 0.0000 0.0000 -0.0000 
I. b 0."407 0.8lob 0.""00 0.0112'3 -0.00]8 0.005b 0.0003 
1.0 0.7£101 0.7746 0.7QOO n.78S11 -0.0051 0.01011 0.0005 
1.'1 0.7270 0.721l0 0.7" 11 O. BAli -0.0031 O. I) 13Q 0.000'1 
1.2 0.071i~ O. b81 I 0.b95~ 0.oQ7S O.OOH 0.0100 0.000'1 
, . ° (\.b'\l] 0.0400 0.b,,03 0.0557 0.0091 0.015'1 o.ooe] 
O.tl 0.57'10 0.591.12 0.51\JfI 0.001l!) 0.0202 0.0098 0.0000 
0.0 0.4977 0.5.5411 0.4877 0.5278 0.03&5 -0.00811 0.0010 
('). 'I 0.1015 0."352 0.2115'1 0.]b04 0.07'13 -0.07':15 O.OOOb 
0.2 0.25'10 0.3205 0.25 ]7 0.3240 0.07 t I -0.0017 -0,0008 
0.0 0.250] 0.3'138 0.2Sb3 0.]"38 0.0875 0.0000 0.0000 
TABLE 8.--Continued. 
--------------~--~----------------------------~~-~--------------------Parameter 
Varied None Sr' . Kv' Sr' & Kv' 
--------------------------~-------------------~~------------------------
z S1 S9 S11 S39 
2.0 0,9000 0.9000 O.QoOO 0. 9 000 
1.8 0.8407 0.83110 0.81"8 0,1:11 1:5 
1.0 0.7801 0.774b 0.77\ 5 0.7652 
1.'1 0.72711 0.724,) 0.71 b 1 0,7120 
1.2 0.6799 0.081\ 0.1)&72 0. 0 078 
1.0 0,611.5 0.6400 0.b192 0. 0 276 
O./j 0.57'10 0.59'12 0.5&bb 0.5800 
n. b 0.11977 O.51ul> 0.5n07 0.536 0 
O. 'I 0.36\S 0.'1352 0.11032 0.'1642 
0.2 0,2511& 0.5205 0.2&30 o.l'lS!! 
0.0 0.2561 0.34JI1 0,2563 il,31lLjO 
TABLE 3.--Contlnued. 
Parameter 








































0. anD 1 





1. 4 0.7276 
1.2 0.bH9 























































































Varied None 11' K . 11' & K ---------------------------------~------------~------------------------------Effect Effect Inter-
S] 510 56 542 of Ti' of Ky action 
------------------------------------------~------------------------~-----~ 
?fI o.qOOO 0.9000 0.9('100 
I.P. O.8£l07 O.tlIlIS 0,81100 
1.0 O. HlO 1 0.7824 0,7900 
1.:" 0.7270 0.732? 0.7411 
1 • ~ 0.b7QQ O.b8H 0.bQ55 
1.0 0.031l 0.0423 0,oUo3 
n." 0.'57110 0.S897 0.51\311 
O.b 0.4977 O.517r; 0.4877 
,1. lj 0.3011) 0.387L1 0.':1\5U 
('!. ? 0.21)1l0 O.2S'S0 0,21537 


























0,010 I 0,0002 
O,(lIH O.OOOLI 
O.Olb] 0,0007 
0,0103 0.00 I 3 






Varied None 11 Ky' n &,Ky' 
--------------~----------------~--------------------------------------------









2,0 0,9000 O,H87 0,9000 
1,8 0.81107 0,21)'51 0,8)58 
I, b \), 7AO 1 0,25&3 0,1715 
1,4 0.7270 0.0000 0,71b3 
1,2 0,b7q9 0,0000 0,0072 
1,0 O,&J13 0,0000 0,o1Q2 
0.8 (1,574& 0,0000 O,Sbbb 
O.b O.u977 0, \)000 0,S007 
0, LI O. 3b 15 0,'1000 0, Llo32 
0,2 O,25L1o 0.83Q7 0,2blo 


























0,3'502 0, 3b 15 







TABLE 9.--Distribution of Capillary Pressure. Main Effect. and InteractiYe Effect Along the Axis 
of 5yrrm~try at the Dimensionless Time T = 1.88. 
~------------------~-~---------------~------------------------~~~---Parameter 
Vari ed None ),. Pb ),. & Pb 
-----------------------------------------------~~----Effe~t---~t;~ 
P P P P of),. ofPb action cl c2 c~ c12 
-----------------------~----~--~-----.-----------------------~-~-----------
2,0 I,UB 1.1011 I,Ll733 
1.8 I. 2 ~O 7 1. ,SO 29 I. ':Iu58 
I. b 1,34t1Q I. S 3 0 () l,b291 
I.'" I, U 71 b 1,775A 1,70n 
1.2 I. eO u2 2,Ol:lQ'1 \ ,7'12Fi 
1. 0 1,7bb2 2,59bLl 1 ,9177 
O. !\ 2. (1017 .3.7737 2,1 b511 
O,b ci',44L1Cj 7, n04 2. QLl95 
O,IJ LI. (, 145 iI.j904 8,129L1 
0.2 b, I 231 B.2000 8.1QQ9 
u, a 7,QQqa 13,0000 8.0000 
TABLE 9.--Continued. 
t .431 LI 
1.4878 
1,5&20 






B. I p.qq 
























Varied None ;.,' • Pb ,'\' & Db 
---------------------------------------------------fff~~r_-----Eff;~_r~----
Z P P P P of>,' ofPb action cl c c3 c13 7 • 
-----------------~-------------------------------~-~----------~----~ 
il,O 1,1333 
I. II I. C' J 0 7 
I • t 1,34bQ 
I,,, 1. tJ 71 II 
1,2 l.bOlle? 
I. n 1,7 bb2 
nob ", Il 017 
O.b o?UIIU') 




























I. b 188 






@. 0 (/ 00 
0,0719 
0,(J9~2 










0,32':1L1 0,0 I 03 
0.2Q05 0,0\02 
0.i'459 0.0102 
0.199b o. a 111 
0.1&52 O. (1 1 17 
0.18911 0.02S7 
[I,blbl a.Hll 


















































1 • .!5.57 
1,.17'19 




























































-----------~----------------------.. --~-----~-----------------~----~--Parare ter 
















2,0 1.1331 I. 101 I 1.117b l,oeCf3 -0,0302 -0.0137 0.0020 
1,6 1,2107 1,3029 1,2131 1.2885 0.07.18 -O,OlbO 0.00 I b 
I, b 1.311139 1, 5 ~o 0 1.12 Cf 2 1,5131 0.1825 -0.0\83 O. oat II 
I,ll I. /J 71 & 1,77SB 1,"U95 1.75&b 0,305& -0,0207 0.00 I II 
1,2 I, bOll2 2,08Qq I.SHB 2.0b711 0."872 -0.02/J0 O. 001 II 
I, I) 1,7&&2 2.5 9 &11 1,7"3'18 2,Sb~J O,83113 -0.0512 O.OOU\ 
o,c:- 2,00 17 .1.7737 I.'IS&S 3.bC;132 1,7'5b9 -O,ObO/J -0, () 1 .. ~2 
0,0 2.1111115 7.73011 2,15011 7.5710 5.2'53& -0.\2&5 -0,03211 
0,11 11,01 95 8.]9011 1,5087 e.1871 4,b2117 -0,2570 0.251& 
0.2 1I,Iini 8,2000 7,9779 II, tcF~9 O.lUCfS -0,072& 0,0725 
0.0 7.9998 8,0000 7.9Q92 11,0000 0,0005 -0,0003 0,0003 
TABLE 9.--Continued. 
---------------------~-------~-------~-----.---~----------~~------~----.-Parameter 
Varied None ,,' Sr . ~' & Sr 
-------------------------------------------------ifffe~t------Er~ct---~~:---
P P P P of ,,' of S act i on 
c1 C7 c4 c17 r 
-------------------~--------.-----~------------ -----~--------
2.0 I.DB 1,1QS8 1.1536 1,22b8 O.Ob78 0,0258 0,0053 
I. B 1.2307 1.3 t 2b I.i:?')l? l.jll&7 0,08711 0,0285 0,00'!l5 
I. b 1. }48q I, OJ II 15 1,371lC; I,ll 790 0,09811 0,0'518 0,0058 
1 • ~ 1, II 71 & 1.~b2b 1.50 II 1,0042 0.oct71 0.0355 O,OObl 
1,2 1./:)0112 1,08H l.b38C; I,BIS 0.06bO 0.011 13 O,OO&b 
I. a 1,70b.? \.6270 \,8104 I. dA 71 O,Ob88 O,OS22 O,007C; 
O.b 2,0017 2,O£JH 2.0b81 2.13'18 0,054'5 0.0787 0.0122 
O,b 2,1I11/J5 2.S22h 2.511111 2,7113& 0.1188 0,1803 0,01107 
0,11 LI.OlqS &,n83 1l,9320 7. b]71 2,II!iOC; 1,1&07 0,2482 
0.2 b.12l\ 8.\Q 9 2 8.lnCf 8,1999 0,0 49 1 O.02H -0,0271 
0.0 7.QQct8 8,0000 6.0000 II,UOOO 0,000 \ O. u 001 -0,0001 
TABLE 9.--Continued. 
-----------------------------------------------------------------------------Paran~ter ' 
Varied None A' S ' r· ,,' & Sri 
--------------~--------~--------------------------~~--------------~--~ 
P . 








2, ,) I,IH! 1.1958 1.1170 
1. d 1,2307 1.11H 1,2131 
1. b , ,lll8q I,ll II I S 1,3292 
I. U 1. II 71 & I,Sb20 1,'1Q9S 
1,2 l,b042 I, b8lb I, '!I788 
I, ° 1.7002 1,8270 1,7~1I8 
o.b 2,0017 2.01139 1 ,~Sb5 
0.& 2.1111115 2.'":>22b 2,lSOll 
0,11 '1.0195 &.?c?Bl 3.501" 
0,2 1:1,1231 8,1992 7.Q7H 
0.0 7.QQ98 B.ooon 7,Qq9a 
1,1722 
1,.!1I&7 









































action p p P 
___________ .:L _____ ~L _______ ~~ _____ ~~~ ______________ _ 
2,0 1.1333 1.1958 1.1333 1.19511 0.Ob25 0.0000 0.0000 
1,8 I .2307 1. j 12b 1.232'1 1. 3 150 0.082& 0.0023 0.0007 
I. b 1.3489 1.1I41S 1.315'17 1.'14Q8 0.0919 0.0071 O.OO\.! 
I. 1I I. 1I 71 0 I.Sb20 1.'1850 1.5800 0.09lQ 0.015'1 0.0020 
I. ~ 1.00"? l.bA]O l.b~05 1,7149 0.Ofl19 0.0288 0.0025 
1.0 I. Ho? 1.8270 1.8128 1.8780 0.0033 O. 049 I 0.0025 
n.1l 2.0017 2.04JQ 2.0180 ~.1279 0.07bl 0.0502 0.0358 
0.0 2.41145 2.5220 2.51131 2.b74b 0.0848 O. 1'15.! 0.00b7 
(). (I 4.0195 &.2283 '1.2784 0.5193 2.22jj9 0.21'19 0.0 I tlO 
0.2 1\.1 ?31 8.L992 8.0838 8.IQ80 0.0955 -0.01 9 9 0.0193 
(\.0 1.Q998 8.0000 7. QQ90 1'1.0000 O.OOOb -0.0001i 0,00011 
TABLE 9.--Continued 
--------------~--~~-------~-------------------------~----------------~ Parameter 
Varied None A K .,\ & K 








of A of Ky action 
--------------~--------------~--~------------~-~--------------------
2.0 1.1333 I. 1011 1.13B 
1.8 1.2307 1.10c9 1.2213 
1.0 1.3'189 1.5300 1.3280 
1.11 I. 'I 71 b 1.77';8 1.1IHQ 
1.2 I. bO'l2 2.0~99 1 • ~C;82 
I. a 1. ?bb2 2.S9t1 4 I .7127 
n.B 2.00 17 3.7737 1. 9 .:;95 
O.b 2,'14115 7.73011 2.~ 173 
0.4 4.n195 Il.HOjj &.2792 
0,C1 8.\231 8.200n 8.1 q73 














































~------------------~----~---.-----------~~-~~~-~~-----------~--~ Pararre ter 











of A of Ky' action 
-----------------------------~-----------------~------~-------.-------
2.0 1.1333 1.1011 1.1333 
I.ti 1.2107 1.3029 I "ncn 
1.0 1.3'109 I • Cj lO 0 I .le 77 
1.'1 I • '171 b 1.77S8 1.15010 
1.2 1.1)0'12 2.089'1 I. 01l:5'1 
1 .0 1.7oh2 2.5904 I. a II" 
(I.d 2.0017 1.7737 2.0404 
O. I) 2.1I4IJ5 7,1304 2. '1238 
n. IJ Ll.Ot 9 C; 8.3901l 3.3r;75 
0.2 b,1231 1'1.2(100 7.'II\IJ8 




1 • .SloO 
, .5£J7S 
1. 6 (0'10 
2.12 b 7 
2. 0 174 
3.bl05 
a. bll 88 
fI.3408 
8.IQ90 
i\ • 0 (1 0 0 
-0.0322 
0, a 7111 
O. ! II 05 
0.3039 
































".0 1,1 H3 I. 19'5d 1.1333 I. I <lSB 0.0025 0.0000 0.0000 
I.e- t. 2107 I, H2o 1.2213 I. j (\ 113 0.0 B12 -0.0 101 -0,0001 
I. b 1.31189 1.'1'11'5 l.j2BO 1.11 180 O,091b -0.0219 -0.0010 
1.4 I. 1I 71 b I. So2b 1.437 9 1.5278 0.0901.1 -0.0343 -O.OOOb 
1.2 1.0042 I. crl30 1,5582 l.b.!Ql 0.0802 -0.0452 0.0008 
1.0 !.7btli! 1.8270 1.7127 \.780 I 0.0041 -0.0502 O.oOB 
0.8 2.0017 2.0439 1.9595 2.0185 0.01500 -0.0118 0.008'1 
O.b 2.L111'15 2.~22b 2.5\n Z.bell 0,1209 0.1151 0,0'128 
0,4 iJ,OI'lS c.22Bl 0.2792 8.1403 2.0:3'19 2,08~9 -0. I 739 
0.2 !!.1231 8.1992 ~.19n @.2000 0.0394 0.0375 -0.03b7 





Varied None A' Ky '. A' & Ky' 














2.0 I.D.n 1.1958 1.1333 1,1958 0.Ob25 0.0000 0,0000 
1.8 1,2307 1.!IZb 1.2vn I.J22b O.OBib 0, oorn 0.0007 
1,0 I , ~489 1,4415 1. lb 77 1. 4 1:120 0,0935 o. a I 97 0.fl008 
1. 11 1.471b 1.'!Io2b 1.5010 I • ~929 0.0915 0,0298 0,0004 
1.2 1.1:1042 l.b8!b l.b1l14 1.7211 0.0787 0.0385 -0,0007 
1.0 1,71:1b2 1,8270 1.8114 I.bbbb 0,0580 0.0424 -0.0028 
0.8 2.0017 2.0/j!9 2.040/j 2.0bQ5 0.0357 0.0121 -O,OObO 
O.b i.4445 2.522b 2.4238 2.4518 0.0530 -0.0457 -0.0251 
0,4 /j,OI95 0.228! 3.3575 11.19 17 1.5215 -1.3493 -0,bB73 
0.2 8.1231 B.19q2 7.4A1l8 8.l/lb9 0.18Ql -0.1253 0,3130 
fl,O 7,qqqS 8.0000 7,Q94F1 B.OOOO 0,0027 -0.002~ 0,0025 
TABLE 9.--Continued . 
--------------~----------.--~-----~--~~------~~---------------Parameter 













d C t ; on 
----------------------------------------------~-----~-------------
2,0 1.1133 1.IlB3 1.1S18 1,5000 0.1411 0,021b 0,0011 
1.8 1,2307 I. ':1458 1,2517 1,5748 0,3\81 0,02bO 0.0010 
I,b 1.]48q 1 ,b2q I 1.3749 1, bb08 0.2811 0.0288 0.0028 
I." 1,471b 1,7073 1,5011 1.7421 o ,il811 0,0122 0,0028 
1,2 l,b0 4 c I, HcP. 1.0389 I, 1l1lC 0.1 ct 1" 0,0370 0,0028 
1. ° 1. ?boc 1.9117 I.C1l04 1. 9 091 0,1551 0,0478 
O,oOlo 
0,8 2,0017 2,105" 2.0b81 2,2492 0,1724 0,0751 0.0087 
O.b 2,/HIIlS 2,9491) 2,5841 3,2b77 0,591l3 0,2289 0.0891 
0,4 ",Ol~~ 8.129lJ Il, '1120 8.29b8 1,7171l 0.5400 -0,172b 
0.2 8,IBI 8,1999 1\,1779 1\ .,2000 0,04Q" 0,0271l -0,0274 
0,0 7,9~98 8,000n 8,0000 e,OOOO 0,0001 0,0001 -0,0001 
TABLE 9.--Continued. 
~~~~;-----------------------~----~--------------------------~--~ 











of Pb of Sr' action 
--------------------------.----~---------~---~----~~--~~------
2.0 1.llll 1,11733 
I, b 1.2307 I. ':1458 
1,0 1.54t1Q l,bi'll 
I. " I. /j 71 b 1,707l 
1.2 l,bOIl~ 1,7928 
I ,0 1,70b2 I, q 177 
O,F! 02,0017 ~, I bS4 
0.0 2.4445 2.9"q~ 
0, " 4,01'l5 8,1294 
0,2 !I,U)I 8,19'l9 
0.0 7,QQ91l 8.0000 
TABLE 9.--Continued. 
1,117b 1,4529 
1,2131 I ,':I?.!8 
l.l?92 I. e 01) 3 
1,IIIlIlS 1, b814 










































lz P P P P OfPb' ofS action 
c I c8 c4 c26 r 
--------------------------------------------------~----~~--------------~---
2,0 I,DB 0,7Q33 1,11538 
1,8 1,2307 0.9190 1,2537 
I, b 1,34£19 1,07':10 1.1749 
1,4 1,471 b 1,2482 1.5011 
1.2 1,0042 I ,438.5 I. b,\llq 
1,0 1,7bb2 l.b'548 1.81011 
U,I:I 2,0017 1.92u'i 2.0e~1 
o.e 2.11445 2,288~ 2.51\111 
0. 4 4.01 9 '5 2,Q030 4,9'\20 
0.2 H, \2! I 4,5108 8,1779 



























































of Pb' of Sri action 
-------------------~----~---------------~-~-~----~-----~-~-~~~ 
2.0 1.133 S O,7Q31 
1.8 l.l307 O,91QO 
I. b 1.3 U!lQ 1,07~0 
I. 'I I. '171 b 1.21182 
I • ~ I. bOll2 1," 383 
1. 0 1.7cb2 I. bSlI8 
o. e 2.0017 1.920S 
n.b c.""Ll5 2.2!!8l 
0.11 ".0 PiS 2.90.10 
n.? f\.1231 q.~lbe 
























-0.337b -0,0133 0.002L1 
-0,3095 
-0,015" 0,0022 
-0,2719 -0.0177 0.0020 
-0,2217 -0,020" 0,00 I 7 
.. 0.lbU4 -0,0236 0.00 I c 
-O,109b -0.029b 0.00 I e 
-0,0775 -0,0415 0.0037 
-0.ILlI3 -0.0792 0,01,,9 
-0,9305 -0,32118 O,l!:1bO 
-3.1:117b -0.l5bS -0,2111 
-I,07L18 -0,5110 -0.51011 
-------~-----~--~-~--~--------~---------~~~-------------~---~ Parameter 














ac t ion 
-------~--------------------------~--~--~---~~---------------
2,0 1,IH1 l.u733 1,1333 
1. 8 1,2l07 1.~'15B 1.212'1 
I, b 1.3489 l,b291 1.1547 
1,4 1.,,7Ib 1.7013 1,'1850 
1,2 l,bOLl2 I. H2O l,b'J05 
I, a 1,7"b2 1.9177 1.8 I 28 
o,~ 2,0017 2. I b54 2.0180 
O.b 2."1.1"5 2.9'19~ 2,5831 
O.iI iI,Ol95 8,I29u 1I.27811 
0.2 8,1211 8,1999 8.0~3b 
0.0 7,9998 b,OOO(l 7.9990 
1."733 
1,~495 
I. bLlO I 
1.7302 
1.1:1339 



















































of Pb of n' action 
~-----~-----~~--~-------------------------------~----------------------
2.0 1.lll3 1,1I7H 1,1'03 1."7.13 0.3"00 0.0000 0.0000 
1,8 1.,"307 1.~IIS8 l,n9.1 I. 'IU22 O,2bllO -0.0525 -0,0511 
1,0 I.JU89 1.02QI 1.3"40 l,b180 0,2771.1 -0.0077 -O.OOill 
1.4 I. LI 710 1.70n I. "bO I 1. 08 '57 O •• BOb -O.Olbo -0.0050 
1,2 l,bOLl2 1.792'" I, S818 1.7Sub 0,1807 -0,0103 -0.0079 
I, a 1,7602 1. Q 1 77 1,720b I. t:l532 a ,I 391 -0,0521 -0,0125 
0,8 2, 00 17 2,lb~4 I. '1313 2.049A 0.1401 -0,0920 -0,0210 
0,0 2./Juil5 2.9,,95 2.~128 2,cS17 O,u220 -0.211.17 -0.08.11 
0." ".0195 8.129U 3,SBO~ 7.tl32b LI, 18 \I -0.3060 0, (1712 
0,2 /I, 12 ~ I 8, I 9Q~ 8.0'170 II. \ '1q9 0.08Q9 -O,OIlI 0,0131 




P P P 









1.8 1.210 7 
1,0 1,31189 
\,4 1,1.1710 
I, , 1.0042 




























1. 11 733 
1 • ~31}8 
l. b OB" 
1 .0705 

















































2,0 1,IH3 1."733 1,1H3 
I,e 1,2107 1,51158 1,2393 
I, b 1.3"aQ 1,0291 1,3677 
I,ll I," 71 b 1,7073 I. So 1 (I 
1,2 I,/)Otl~ 1,7928 I , ~JlJ 3LI 
1,0 1,7002 1. Q 177 1,81111 
O,t< 2,00 I 7 2.10511 2,0,,04 
O,b 2,""'15 2.9119'5 2,423& 
o ,lI ",0195 8.12911 3,j'575 
o,~ &,123 I 8.1999 7,1I8t18 































0, a 179 -0.0209 




Vari ed None Pb ' K ! P , & K ' -------------------------------~--------~----~------------------------------Effect Effect Inter-
Z P P P P of Pb' of K' action c1 Cs cll c 32 y 
-------------------~------------------~------------------------------------
2,0 1,1333 0,7933 1,1333 0,7933 -0.3'100 0,0000 -0,0060 
I,!! 1,2107 0.9tf~0 1,~393 0,92b2 -0,112'1 0.0079 -0.0007 
1,0 1,3"89 1,0750 1.5/,77 1,0"19 -0.27'19 0,0179 -0,0010 
I," 1,1.1710 1.2'182 1,5010 1,27'70 -0.2237 0.0291 -0,0003 
1,2 l,bO ll 2 1,11383 l,b4311 I • i47~S -O,lb"9 0,0'102 0,0010 
1, a 1,7002 1,05l1/\ 1,811'1 1.7032 -0,1098 O,O'lb8 O,OOlb 
O.A 2.0017 1,9205 2,0110'1 1,9119b -0,08bO 0,OH9 -0,004e 
O.b 2,114115 2,2d83 2,4?38 LI,lb34 -0,2083 -0,0728 -0,0521 
0.4 '1,0195 2,9030 3,3575 2,5032 -0,"8511 -0.530Q 0,1311 
0,2 a,I?31 '1.~lba 7,111\'18 2,&335 -4.1288 -1.lb08 -0,5225 
0, a 7,999a 7,1I1S'i '7,99118 3,5071 -2,52bl -1,9bIl7 -I. 9b 17 
TABLE 9.--Continued. 
-------------------------~----------------------~--------~~------~--------Parameter 
Varied None S n' Sr & n' 
... -------------.... ----~~---.-------..---.... ----.. ----------------------------... 


































I. r, a II 
l.bld9 










































-0. ° II 5 0,0000 
-0.022b -0,0 0 01 







Varied None Sr n ,Sr & ~ 
-------------------------------------------------~ffe~~------Eff~~--r~ 
P P P P of 5 of n action 
cl c4 Cs c33 r 
---------------.---~------~--------------,-------~----~~~--~~ 
2,0 1.1333 1,IS3a 1,1333 
I. a 1.210'7 1.2537 1,212" 
I, b 1,1489 I, HII9 1,15'17 
1,4 1,471b 1, SO t I 1.lIa50 
t.2 I, bO'l2 1,0189 1,0105 
1.0 1,7b02 1.8101/ I,Cl128 
n,n 2,0017 2.0b81 2.0180 
O,b 2,/11145 2,':1811\ 2,~~31 
0. 11 '1,019':; iI. ln20 lI,27811 
0,2 8.12l1 II, 1779 1:1,0838 

























































































































































. --~--... ---.~-----.----------~------~~---~----~---------~-------~ Pa rameter 



















1. 0 1.7bo2 
0.0 2.0017 
O.b 2.,,4415 
,) . " '1.0ICoiS 




























1 • :»~2S 
1.7572 
2. 0285 



























--------------~-----------~------~~ ____ ~ ________ ~r_--. 
Parameter 















2.0 1.11J3 1.1538 1.1'533 1,1538 0,0205 0.0000 0,0000 
1,8 1,2 JO 7 1.2537 l,i]q3 l.cb20 0.0252 0.001:!8 0.0001 
1, b I.J"8q I.HII9 1.5&77 1.3Q1l0 0.0201 0.0190 0.0001 
1,Ij 1, 'I 71 0 1, '50 11 1,5010 1,~110 0.0297 0.0297 0.000] 
1, c 1. bOll2 1.0]89 1 • b'l 3ti l.b7db 0,0350 0,039" 0.0002 
1,0 I, ?boc 1.8 I 0'1 I, d 114 l.oS5b 0.0'1112 0,0'152 -0.0000 
O,t! l.0017 c.Ob81 2.01.104 2.10113 O,Ob52 0.0375 -0,0013 
0,0 2.1I1l1l5 c,58lJI 2."2!!:! 2,SIIlb 0.1297 -0,0]0& -0.0099 
O. Il Il.0195 1I,'n2D 3,3575 3,7b7b O,b713 -0,9032 -O,21l12 
0, c 8,1231 1:!.177q 7,IIBIlo 7,9b'lo 0.2b73 .0,11258 0,2125 
11.0 7,9'1'18 8.0000 7. QQ1l8 7.fjq€17 0.0021 -0.0032 0, 001 q 
TABLE 9.--Continued . 
---------------------------~---------~-------~----------~---Parameter 















2,0 1.13'33 1,117 b 1,1133 1.117b -0,0157 0,0000 0,0000 
1,1'1 1.2301 I, i! 131 1.22 t3 1,2039 -0,0175 -0,0093 0.0001 
1,0 1,3118Q 1.3292 1.3280 1.308b -0,01 9 5 -0.0207 0,0002 
1,'1 1,'1710 1.4'195 1.4]79 1,41 b2 -0,0219 -0,0335 0,0002 
1.2 l,bOll2 1.':1788 1,551:12 1,5332 -0,0252 -0,01158 0,0002 
1,0 1.7bb2 1.73'18 1.7 \ 27 l,b807 -0,0317 -0,0538 -0.0003 
0,1\ 2.0017 1.9'5&5 1,'1595 1. 9 099 .0,04711 
-0.04"" -0.0022 
O,b 2,'14115 2,3'50" 2,~tn 2.3970 -0,1009 0,0000 -0.0128 
0.'1 1.1,0195 5,5087 0.2792 5,2538 -0,7061 2,0024 -0.2573 
0.2 !I. 12:st 7.9779 8,1973 8,IQ22 .0,0751 0.1 11 '1] 0.0700 
0.0 7,9'198 7,9992 8,0000 8,0000 -0,000'5 0.0005 O,noOl 
TABLE 9.--Continued. 
-------------------------------~--~~--~----~------------------------Parameter 

























(\. /j /j.01Q5 
0,2 8.1231 
0,0 7.9Q9t! 



































































































































































1.4 1.11 71 b 
1.2 l.b042 
1.0 1.7b02 
0, {\ c. 0017 
O,b 2,44115 


























7.IfQ .. e 
1.133.5 0,0000 0.0000 0.0000 
l.c"OQ O.OOlb 0.008b -0,0000 
1.5729 0.0055 0.ot85 -0.0003 
1. 5 13 4 0,012Q 0.028Q -0.0005 
l,bb7" 0.0252 0.0381 -0.0011 
1. 0530 0.0'141 0.OLl27 -0.0025 
?, I 070 0.0415 O.OoH 0.0252 
2, !l2l3 O. 119 I -0.0402 -0.0190 
3.4b73 0.18114 -0.73b5 -0.0745 
7.U4Ub -0.C!H7 -0.13387 -0.2005 
7.'HIQ -0.0119 -O.OlbO -0.0111 




1.8 1 .23 0 7 
I. b 1.348Q 
I." 1.1171 & 










1 • 22~3 
























1. c! 197 


















































TABLE lO.--Infiltration Rate, Main Effect, and Interactive Effect at Different Dimensionless 
Time Steps. 
Parameter 
__ ~~~ ___ ~~!!t;, ____ ~ _____ :.._:~ _____ 2_!.~ _______________ -__ 
Effects Effects Inter-


























o. nne (). 7 p, 7 b 
0.4,?q5 O.blqS 
0.2~OO 0.S2bll 
o •• nn O,47bS 
0.17bO 0.'1'353 
0,1511 o ,Il I O,? 
0.143b O,4001l 
0,1384 O,HIl7 
o .134'i 0.3qOQ 
























0.1 Bl 0.05b8 
0.151"\ 0,0871 
0, 1'S22 0.OQ92 
0,1475 0.101 t 
0. III 1 0 0.101l Q 
0.1 H7 O.IOel 
0,1305 0.1(1811 
0,127 (j 0,1 to 1 




T f1 f7 f3 f13 
Effect 






0.005 1.2217 l,bQ3q 1.~872 1,1:1301 0.4075 O.OOOq -O,Ob47 
0.0c!0 0, 11 1 I 0.eQ97 0,7 B 7b n. Q 378 O. I b94 O,05n -0.01'i2 
0.050 0,5553 0.b71JS 0.b195 0.7170 O,10tl! 0,0'534 -0,0108 
o. I 10 0,4714 0.5582 o,52b" O,SCHI 0,0777 O.OllbO -0.0071 
0.200 0.11321 O,Illf91 0.4765 O,SH3 O.Oblq 0.OH3 -0,0051 
0."580 0.3QQ2 O.4S3C; 0,1J353 0.lIB20 0.0505 0.0323 -O,OOJ8 
0.b60 O,3F1IB O,;j2~b o • 'It 02 0."492 0.011111 0.02bO -0.0024 
O.QSO 0.1783 0,4131 O,"OOtl 0.4Bl 0.0340 0.0208 -0.0011 
1.280 0.37 7:j 0.~Ob7 0.Htl7 O,422Q 0.0287 O,Olc8 -O.OOOb 
I.seo 0.3771 0.4011f 0.H09 0.1I157 O,02118 0.013B -0.0000 
I.PSO 0.1771 o. HS3 0,11\110 0.11102 0, Oc 17 0.01111 0.0005 
TABLE lO.--Continued. 
---~-------------------------------~------- ---~---------------~------Parameter 
Varied None A S A.& Sr 
--------------~-~------------~---------~---------------------------------








0.00<; 1,2217 2.2Qq2 1.0700 2,05So 1,030 I -O.lenl -O,O1l74 
O.OcO I) • 1111 U.787~ 0.b1l07 0.7172 0.07bb -0.0705 -O.OOUI 
1).0",) 0.5551 ().<j295 O,So"q O. Hb2 -0.1173 -O,OIlIQ 0.00b5 
O. 11 ° O,"7ltl O,c!BOO O,IIH8 n.cbOB -O,lf112 -0,02911 0.0102 
0.2 00 0.4321 0.2173 o,Hn n,i!03b -0.204] -0.021l2 o.nlOe 
0.3(11) o. Jqq2 0.17bO 0.lb/\5 o. I b1l9 -0.21311 -0.020q o.ooQe 
O.bliO 0.3818 0,1531 O,3C;ll n.11I32 -0.21'11 -O.OIQl 0.00Q4 
o.qou 0, HBl 0.141b 0.la9Q O.llll) 
-0.2252 -O.0Ik9 O,OOQb 
1.2AO 0,1774 0,1384 O.Ja"lO O.12Qll 
-°.22 9 3 -0,0187 0.0097 
1,5eo 0,3771 0,111.19 0,3,,87 O.ICbb -0 • .?322 -0.0183 0.0100 
I.ASO 0.177 \ o. 13~5 0,3,,87 n,12'10 -0,23117 -0.0IB4 0.009Cj1 
TABLE lO.--Continued. 
Parameter 
Varied None . Sr I ,\ & Sr I 
-----------------------------------------------------------------------------









0.001) l,c211 2.c QQ2 1.3b<jtl 2.5271l 1.1202 0.185b 0.0427 
u.ncO 0.11 t I 0,787 tl (). 71 b5 O.oC,Llb 0,0775 I).Obb'? O.llOO!! 
1),050 O.55'B O.1l2Q5 O. bO 11 0.4582 -0.13114 0.0312 -0.0085 
,). I 10 o .1I734 0.28ll0 0.50H" 0.295'< -0.2030 0.0251l -O,009b 
O.?OO O,1l)21 0,2173 O,4b2e 0,2287 -0.2245 0, 021 (J -O,OOen 
o. Hlu 0.lQQ2 O. 17bO 0."2'J'i 0.1852 -0.2120 0.0180 -0. (IOe8 
O.bIlO O.:Hl1A O.IS.H O."Obli 0.le12 -0./.170 O.Olbll -0.0082 
o.ql'\O 0.3783 o .llIlb 0. 11 021 0.151 t -O,c410 0.01 S 7 -O.OOb.? 
I, cB 0 0,3774 0, 1!811 0.11 0 13 0.1454 -O.c!47S 0.01511 -O,OOB5 
I, SilO 0.1771 0.t"\4Q O. '" 010 0.1418 -O.c507 0.0154 -0,0085 
I. AlIO n.l77t 0.1325 0. 11 010 o ,IH2 -O,25!? 0.015} -O,008b 
TABLE ]O.--Continued. 
-----------~~---~---~--~-~-~---------------~---~~~------~--~ Parameter 
Varied None A' 
T f] f7 










1',0 t'o (),7111 
O,o~O 0,5553 
0.110 0.4714 
0.200 o .tlHI 
0.380 0.3992 
0.b80 0.3818 
0.980 0, H83 
1,2bO 0,H711 
I. '!idO 0.3771 
l,ill:iO 1l.3771 
~ TABLE lO.--Continued. 
~ 













































Varied None A' S ' A' & Sr' _____ -_________ ..... ___... ______ ..:.r_-----~ .. ~___ ~-__ .... ___ ....... ______ ~ ____ 
Effect Effect Inter-
T f] f7 f9 f]8 of A' of Sr' action 
--------------~-------~-----~~--~-----~~-------~.------~----------
0.005 1.2217 1,0939 1.3b1l0 
'),ot!O 0.7111 0.8997 0.77bS 
0.050 0.51551 o .b74r; o. bO 11 
o. 110 o ,1I71~ 0.5582 0.50811 
0.200 0.4321 0.4991 O.qo2f' 
II • ~Cl U 0.3992 0.1I':l35 0.4?S9 
0,b80 0,11\1~ O,42'!1b 0,,,001i 
° . ,HI 0 0.378\ 0.'1137 O.IIC\B 
1.280 O.H7q 0.40b7 0.1I0D 
1,5130 0,1171 0."019 0.4010 
I.P80 0,3771 a.HB3 0,11010 








o. lI lTS 
O.~122 

























Varied None A' ,\' & n 
~-----------------~--~~--------~---.-~---------------------~----~--------
f] f7 f5 
0.005 1.2217 1,1)939 1.7572 
0,020 U, 7111 O.899r 0.tl71l0 
o.o':lO 0,5551 0.071J"i O,O£lbO 
11. I 10 0.11734 0,51)62 0,5287 
0,200 0."321 0.1I991 0, lI bB3 
O.!dO O. Hq2 0."515 0,"22b 
0.b80 0.3818 0,'1250 a. !q71 
v.q80 0.3783 0.4137 0.3P.9b 
1.280 O.37711 ').40b7 O,Hbb 
1,580 0.!771 0.14019 0.3Allb 
























































T f] f2 f6 












0. I 10 0.1173£1 
0.200 O,IIHI 
,).380 0.3992 

































0, III 97 
0,111011 
0,1350 












-0 • .1 1J 17 
-0.n07Q -0,0003 













-----------------------------~---------~-~--~---~---~-~---~~~ Pa rarreter 
Vari ed None Ky'. A & Kv' 
---------------~--------~.-~-~----~~------------~------~--~-----------
f] f2 
0.005 1.2217 2,2992 
0.0~0 0.1111 O.7f:J78 
0.050 0.5553 0,4295 
0.110 0.4714 0.2800 
0.20u 0.4321 0.2173 
O.JI;O 0,1Q92 0.1700 
0.b80 0,381A 0.1511 
0.900 0.H83 0.1410 
I. ?80 0.37711 0,138/1 
1.'580 0.3771 0.1149 




0, 71 '11 0.7952 




o ,189b 0.15b4 
O.l/lbb 0.1409 






















































0.005 1,2217 l.b919 1.2201 
0.020 0.7111 0.8'197 0.7n~u 
0.050 0.5'551 0,b74'5 0,'5'512 
0.110 0,4734 0,5502 0,4oBI 
0,200 0,4321 0,4991 0, li 2b3 
O. ~80 0, H92 0,lj1)35 O. ~q211 
O.bao 0.l'l18 0,'l250 0.1742 
0.Q80 o. H81 O. II 137 o.HOO 
I.Cl80 0.17711 0.ljOb7 0,hB7 
1.580 0.1771 0.4019 0,lb81 













































































A' & K ' 
, y 
f23 






o. 113U 1 
0. 14 225 
0. 10 157 










































Varied None Pb Sp fb & Sr 
---------~--------~------~--------------------------------~----------~ 








0.ou5 1.2217 1.2872 1.07bO 
O.oeO 0,71 II o. , B 7 b 0.b,,07 
0.1)'50 0,5551 0.b19S 0.50'19 
0,110 0,~731i 0.S2b4 0,4]H 
0,200 0.4121 0.11705 0,3971 
0.380 0,3992 0.li3S3 0,1085 
O.t-liO (), 181 R 0.10 1 02 O,]~ll 
0.980 0.378\ 0,10004 0.1499 
1.2liO 0.'3774 0.39'17 0,1490 
1,580 0.3771 0,390Q 0,3'l1l7 






























-0.02Q'5 -0,00 I I 
-0.02112 -0,0009 






Varied None Pb Sr! ~b & S ' _____ --~ __ -....,. ___ • _______ ... -~ _________ .. ____ ... ~___..a-__________________ .. ______ ~ 








0,005 1,2217 1,2872 1,3b ll b 
(J,Oi'O 0, 71 I 1 0,787b 0,77b5 
0,050 O,SSSl 0,b195 0,0011 
0,110 0,4734 0,S2b4 0,5084 
0,200 0,11121 0,1j7"S 0,4b28 
O,lBO 0,3qq? 0,1I3S1 0,4,,59 
0,b 8 0 0,1818 0."102 O,IjObll 
o,qeO 0,3783 0,110011 0,11023 
1,2dO 0,1774 0,3947 0,11011 
1,58n 0,1771 0.3909 0,'1010 













































































































































T fl f 8 fg f27 
Effect 






0.005 1.2217 1,1'548 1,36110 I, c978 -0,00b8 0,11130 0,0000 
O,OeO 0,711 t 0,61 71 0,77b~ 0,0710 -0,0 9 88 0,0007 -0,0047 
0,050 0,'5551 0,118'53 0.0011 I'l.S2411 -0,0734 O,OU211 -0.0013 
0,110 0,4nll 0,11184 o,~oell O,IISOI -0,0567 O.O~H -0,0017 
0,200 0,4321 0,5879 O,Clll28 0,1146 -0,1902 -0,1211 -0,1~20 
0,180 0,]Q9j? o ,lIIIIO O.II,?Sq 0,3BH -O,OlOb 0,0251 -0,00111 
0,b80 0,1818 0,3'5115 0.11004 0,1709 -0,02811 0,0235 -0,0011 
0.Q80 0,H85 0,15145 0,402~ 0,17&9 
-0,0211" O,02H -0,0008 
1.280 0.17711 0,55115 0,110 \3 0.3769 -0,0237 0,0232 -o,Oooe 
1,580 0,J771 0,3545 0,4010 0,17b 9 -0,02111 0.0212 -O,OOOil 
1.81:10 0,3771 O,154S 0," a 10 n,17oQ -0,02l 11 0.0232 -0,0008 
TABLE lO.--Continued. 
-------------------~---~-~------~-~------~------~---------~ Parameter 
.~::~e~ ___ ~~:: _______ ~~ _________ n _______ !b_~~ ___________________ _ 
Effect Effect 




0,005 1.2217 1.2872 1,7'572 
0,020 O. 7111 0,7870 0,tl780 
\1.0':)0 0,55'53 0,b195 O,bllOO 
0.110 0,11734 0,5"04 0.5287 
0,200 0,4321 0,47bS 0.4683 
0,580 0,39q2 0,4353 0,11220 
0.0 8 0 0,1818 0,4102 0,H71 
0,Q80 0,378 J 0,4004 0,38 9 0 
1,280 0,3774 0, ]Q1I7 0.18b6 
I.SBO 0,3771 0,1909 O,lil'lb 
1,880 0,3771 0,3880 o,HJ9 























0, 1773 O,OlUII 
0,09bl 0,0046 




0, ° 112 0,0019 







































0.11353 0.173 I 









0. 4 5]0 
0.1I2b5 













































---~----~------~----~-----~----~------~---------~-------~ ..... -------Parameter 
Varied None Pb K • Pb & K -----~----~------~----~------------~-------~--------------------








0.005 1.2217 l.i872 1.2201 
O.Oc?fl ().71l1 0.787b o. 70 /j 0 
0.050 0.555] 0.0195 0.5Ci12 
o. I 10 O. "734 0.52ba 0.lIb81 
0.200 0.11321 0.11705 0.11203 
0.3 8 0 0.39 9 2 0.4353 0.3q2 i1 
0.000 0.H18 0.Ll102 0.37'12 
0.980 0.178! 0.110011 0.1700 
1.280 0.37711 O. HII7 0.1e,A7 
I.SdO 0.3771 0.3Q09 0.3bBI 





















o. a 134 
0.0 I OS 













Varied None Pb Kv' ,P b & Kv' 
-------~-----~-----.----~---------~-~----------~~----------------------








0.005 1.2217 1.2872 1.2233 
1).0tO 0.1111 0.71Ho 0.71" I 
0.050 0.5553 0.019'5 0.5'5 Q3 
O. I 10 0.'1731.1 0.5204 0.11787 
0.200 0.11321 O./l705 O./llSI 
O.~tlO O.3QQz 0.'-153 0.11002 
D.bRO 0.38 1/1 O,/l102 0.~8qo 
O,Q80 n. H83 0./l001l O.lRbo 
1.?60 0.377i1 0, ~q/l 7 0.3860 
I.SBO O. H71 O.190q 0.3800 






0. 11 835 0.011119 
n./,j/j2Q 0.03b4 
0./,j18b 0.0287 
0. 11 093 0.02211 
0."040 0.0177 
0./,j004 O.OI/j I 

























__ ~~~ ____ ~~~ _______ ~~ ________ K~ ____ _!2~::~ __ ._ _ _____________ __ 
f1 f 8 f11 f32 
Effects 






0.0015 1 • 2217 1.15118 1.22B 
u.020 0.7111 O. b 171 0.71 a I 
0,050 n.'SSSl 0.11853 0.5'593 
/). t 10 0,4734 0."18~ 0,il7b7 
0.200 0.432\ 0.38H 0.11]81 
(l.380 O. H~2 0.3b1.l0 0.40b2 
i).belO 0.1818 0.351.115 0.189b 
0.Q80 0,,\7!lJ 0.3"i~1) O.Hbb 
1.280 O.H711 0.35111) 0.38bO 
1."i1l0 0.3771 0.]545 O.!AbO 




























O.OObO .0.000 9 
0.0108 0.0030 
-0.01&9 .0.0272 
o. a 112 0.002b 
0.011 II 0.0021.1 
0.011 iI 0.0024 
TABLE 10.--Continued. 
Parameter 
__ ":~:~ __ ~~; ___ ~ ______ ~ ____ ":t:..!.~ ________________ _ 








0.005 1.2217 1.07bO 1.7'572 
0.020 0.7111 0.b407 0.8780 
0.050 0.5553 0.':J049 0.040b 
0.110 0.'1734 0.IIH8 0.5287 
0.200 0.1;3.21 O.HYl 0.4b83 
0.3tiO O.H92 I). !baS 0.'I22b 
0.0 13 0 0.3818 0.3531 0.H11 
0.~80 O. H83 0.3499 0.389b 
1.2dO 0.H74 0.3490 O.Hob 
1.580 0.1771 0.3487 0.384b 
1.860 0.1771 0.1'187 O.!IIH 



































Vari ed NoneSr .11' S .. & 11' 
.-----------------------~--~~----~-------------------------~~ 
T f1 f4 flO f 34 
Effect 
of Sr 
.... ---~---------------------------..--------.. -....... ~..-------
0.005 1.2217 1,07bO 
0.020 0.7111 0.0407 
0.050 0.5553 0,5049 
0.110 0.4711.1 0.433S 
0.200 0.1132\ O.HB 
0.180 0.3992 0.3b85 
O.bao 0.3818 0.1531 
0.980 0.3783 0,3'199 
1.280 0.3771; 0,311QO 
\.580 0.1771 0.1487 






























































Varied None S ' 
r Sr' & n 
---------------~------~---------------.-------~-~------------------------








0.005 1.2217 1.1b'lb 
0.020 U.7111 O.77b5 
0.050 0.5'55J 0.0011 
O. I 10 0.'1731; 0.50A'I 
o.?OO 0.1.1321 0.l;bi8 
O.JdO 0.39 9 2 0.11259 
O.bClO 0.1818 0.40b'l 
0.980 0.1783 0.11023 
1.200 0.377'1 0," 0 I 3 
1.580 0.3771 0.110 \ ° 
\.800 0,3771 O. '1010 
TABLE 10.--Continued. 





0.422b O. '1517 
0.]Q71 0.1I2H 
0,38 Qb 0.4\150 
0.llIbb 0. 11 115 
0.!8'1b (1.4097 



































_!~~:.c: __ ~~; _____ s! ___ ~~-__ ..:.~!.~ __________ _ 




















































1.071;b -0,11;50 -0,0015 0.0001 
a.b.H8 -0.0703 -0.0010 0.000\ 
o. SO 11 -0.0503 -0.0040 0.0001 
0.'1288 -O.OHS -0.0052 0.0001 
0.H17 -O,O!II7 -0.0057 0.0001 
0.h19 -0.0100 -0.001,7 0.0001 
0.1458 -0.0280 -0.001S 0.0001 
0.]1.120 -0.02ll1 -O.UOIl\ 0.0002 
O.lIi08 -0.0282 -0.0084 0.0002 
0.1403 -0.0281 -0.0067 0.0001 





_!!~~ ____ ~! ________ S~ ______ ~~: _____ ~~~~~~ ______________________ , ______ __ 
Effect Effect Inter-
fl f4 fll f37 of S of K ' action 
r v 
-----------.--.--~-------~-----------------~-~--~----------------------
0.005 1,2217 1.0700 
().0~0 0,7111 0,otl07 
\J.o50 0.5SS3 O.IiIOllq 
O. I 10 0.117311 O,tlHS 
0.200 0,11321 O.H73 
O,~tlO 0.3Qq2 0.3&85 
O.bOO 0.3818 0.!531 
O.Q~O O.HS! o.!'Iqq 
1.200 0,H7~ O.34QO 
1.5130 0,3771 0.!~87 

















































T fl f 9 f 6 
0.005 1,2217 1,3040 l.l201 
II.OtO 0,7111 0,77b5 0.7080 
0.050 0,5553 0.00 It 0.5512 
0,110 0,117111 0.50.811 0,4&81 
U,200 0,"321 0.'Ib28 0.11203 
0.3bO 0,3QQ2 0.425q 0.jQ211 
0,b80 0, ]818 0.40&11 0.37'12 
0,Q80 0,37113 0."023 0.3700 
1.2£10 0,1774 0."013 o. lee 7 
1.5~0 n. H71 0.11010 0.30 8 1 






















































--~~~----~~~--------~-- K ' v s ' & K ' ~~--~-------------------~--------
fl f 9 fn f 39 
Effect 
of S ' 
r 
Effect 





































0, Ifll1 0 
t ,2233 l,lob3 0.1/1)0 0,0010 
0,71'11 O,77QQ 0,Ob5b 0.0032 
0,SI5 Q3 0.b05" 0.0/l5Q 0.00"2 
0,"787 0,~140 0,0352 0,005/j 
0,'1381 0.lfb89 0,0307 O.OObO 
O,lInbc o.IIBI 0,02b8 0.0071 
O,HQb 0."1"" 0.0247 0.0079 
O.Hbb 0.4110 0,02112 0.0085 
0,3S00 0,4104 0.0242 O,OOSQ 
0,38bO 0,4103 0,0241 0,0 OQ 1 
O,lIIbO 0.4\ 03 0,02111 n ,ooen 
-------~-----.~-~----~---------.--------~----------~---Parameter 
Varied None 1l K", r & K" 
------------------------------------"Ef'f;;t---Effect 














































o ,18"b 0,3081 






























































~ TABLE 10.--Continued. 





































































Varied None n' . Ky fl' & Kv 
-------~---------------------~-~--~---------------~----------------------






0,005 1,2217 0,bIl9] 
0.020 0,7111 0,11899 
0.050 0,5551 0,41115 
0.110 0,117311 0,14082 
0.200 0,11321 0,3"Q9 
0,]80 0,3992 0,3731 
0.0 0 0 o .lS18 0, HSb 
0,91:10 0, HSl 0,3050 
1,280 0.3774 0.3bSo 











































TABLE 11.--Vo1u~e of Water Applied, Main Effect, and Interactive Effect at Different 
Dimensionless Time Steps. 
-p;~;t~--------~------~~------~~~-----------~-----~-----
Varied None A . Pb ,A & Pb 
---~--~----------------~-------~~-------~-------------~~-------~---. Effect Effect Inter-
W1 W2 W3 W12 of A of Pb action 
------------~-----~-----------------------~-----~-----------------------
0,0 05 0,0001 0, ° 1111 0,00011 
lJ.OcO 0,01112 U,OlS7 0,0157 
0.050 0,0277 0.0214 0,0309 
0.110 0.11520 0.0308 0,01579 
0.200 O,080~ 0,011311 O,OQS~ 
l). JI'\O 0.1517 0,Obb8 o ,I b5~ 
1l.oBO 0,2S9b 0,10 II 0 0,2789 
o.qljO 0,J707 0.14 ° 7 0,5924 
1,2130 0. 4!! 30 0.1770 0,5(152 
1.580 O,5QS7 0,2131 0,6171; 






0,09]5 -0,02l ll 
0,1002 .0.0450 
0,2&7 9 -0,0833 
o. HII7 -0,1239 
0.1I!!11 -0,10150 
(), ~871 -0.20&5 






















O. i 11 0 
---------------------~-----~--------- ~---~~--------Parameter 
Varied None A' 'Pb )..'&Pb --------------~--------------~------~-~---------------------------------








0,005 0,0001 0,0081.1 O,UOOIl 
O,oiO 0.0142 U, 0179 0.0157 
0.050 0,0277 0,0317 0,0,09 
0.110 0,0520 0,0&1'1 O. 0'57Q 
0,200 0,08bll 0.0998 0,0953 
0.3130 0, 1517 0,1723 0,1&511 
0,b60 0,25Qo 0,289] 0,2789 
0,980 0,3707 0,1I0S4 0,5924 
1,280 0,11830 0,5205 0,50'S2 
1,5130 0,591)7 0,0149 0,0175 





































Varied None A . Sr A & Sr 
-----------------------------"E7f;ct---Ufect-- Inter-






































































Varied None A .Sr~ A. & Sr' 
~-------~~-~-~~-----------------~--------~-----------~~~ 



































0.Obb8 0.1 biB 
0.10"0 0.27b3 
0.1401 0.39'12 
0.1770 a .51H 
0.2131 0.bU5 
0.24 9 1 0.753S 
0.012b 

































Varied None A' . Sr. A' & Sr 
--------------------------------------------------~cr__--~7ec_r_____Inre~ 
loll W7 W4 W17 of A' of \ action 
---------------------------------------------------~----•. ------~-----' 
o.OOS O.OObl 0.0084 0.0053 
0.0(0 0.0142 0.0119 0.0128 
0.050 0.0271 0.0337 0.0252 
O. I to 0.0520 O.Obl" a • 1)1l 71 
0.200 0.080'1 0.0'1'18 0.07'111 
0."J80 O. t 511 0.1723 O. I" 0 CI 
0.b80 0.2'5qb 0.289] 0.2400 
O.C/dO 0.3701 Q.UOS" 0.ju2tl 
1.280 0.4830 0.5205 0."4b7 
I. '58 0 0.,957 0.b349 0.5C:;09 
1.800 0.70(\9 O.7ud8 0.b5S4 
TABLE 11.--Continued. 
0. 0 074 
0.0100 
0.030! 
































Varied None 5,' 
-------------------~------.-----------
A' 
Wl W7 101 9 














O. I 10 0.052U 
0.200 0.080ll 

































































Varied None A' . n . ,\' & n 
---~~------.-~-------~.-~-----~---~-~~-------------~---~-.-------







-------~---~------~-----------...------,...--~~ ....... --.. ----~--~~ 
O.oO~ 0.0001 0.00811 0,0087 
0.020 0.OIQ2 0.0179 0.0175 
o.roSo 0.0277 0.OH7 0.0323 
0.110 O.()S.?O O.OblQ 0.0'581 
0.200 O.OSbll 0.0998 0,093b 
O.leO 0. 1517 0.1723 0.1&05 
O.bOO 0.2'59& 0.2893 0.21:199 
O.QflO 0.3707 0.110511 O,l!!lB 
1.280 0.QS30 0.5205 0,1l9117 
1. SilO 0.5957 0.o31l9 0.b081 



































-------~-----------------------~----~~~ --------~ Parameter 
Varied None A K A & K v . ,v 
-------------~---~----~,----------. 








0.005 0.0001 0.011'1 O,OObl 
O.O.:"!O 0.0142 0.0157 0, U I'll 
0.00;0 0.0277 0.02111 0,0275 
O. 110 0.0520 0,0308 0.0511l 
0.200 0.08b4 0.043" 0.0852 
0,380 0.1'517 0.Obo6 0.1 119 1 
0.b 80 0.2SQo 0.10140 0,2Cill4 
0.980 0.H07 0,11107 0,lo2b 
1.260 0.4830 0.1770 0.11719 
1.580 0.5957 0,2131 0,581b 















































..J!!:!.~~ ___ ~~ ______ "_ ______ K~:.._--_2_&.!~~ _________ -__ 








0.005 O.OObl 0.0114 O.OObl o. ° 11 5 0.0053 0.0001 0.0001 
0.0020 0.01112 0.0157 0.01'12 0.Ot!!9 U.OOlb 0.0001 0.0001 
0.050 0.0277 0.02111 0.02H 0.0217 -0.00b3 0,0002 0.0000 
0.110 0.0520 0.0]08 0.Ors2b 0.0313 -O.OZIl 0.0000 -0.0000 
0.200 0.08b4 0.0'1111 0.OA7b 0.0"'13 -0.0432 0.0011 -0.0001 
O.11l0 O.ISP O.Otlb8 0.11)'11 0.Ob82 -0.0855 0.0020 -O.OOOb 
0).b80 0.2S9b 0.10110 0.2649 0.10b3 -0.1571 0.0038 -0.0015 
U.q80 O. H07 0.11.107 0.3788 0.1439 -0.2325 0.0057 
-0.0025 
1.280 o .4e 30 0.1770 0.4'1141 0.1812 -0.30913 0.0077 -0.0034 
1. SdO 0.1§9S7 0.2t31 0.b09Q 0.c183 -0,3871 0.OOQ7 
-0.0045 
1.880 0.7089 0.2119t 0.7itlO O,cSS" -0.4052 o. a 117 -0.0054 
TABLE ll;--Continued. 
----------------------~----------~----~----~~~-~---------Par~meter 
__ ~d~~ ____ ~~~ ______ ~ _______ ~~ _____ ~~~:v. ________________ , ______ __ 








0.005 o. a Db I 0.0081.1 0.0001 
o,n~o ".OlIl2 U.0179 0.01"1 
fl.OSO 0.0277 0.0337 0.0275 
O. ItO 0.OS20 O.Obl11 0.051" 
0.200 O.Ollbll 0.0'l98 0.0852 
0.380 O. 1517 0.1723 0.lIJ91 
0.080 0.2r;9b 0.28Ql 0.25"'1 
0.980 0.3707 0.4051l 0.3b2b 
1.280 0.111130 0.5205 0.4719 
1.'580 0.'5957 0.03149 0.5e10 





































-----------~-----.... ---~----.. ------------------~ ..... -~-.-....----.. ---------
Parameter 
Varied None AI Kyl ,AI & Kyl 
-----------------~----------~-----------------------~-----------~---~ 
T W1 W7 WJ 1 W23 
Effects 
of A I 
Effects 




O.ouS O.OObl 0.008/1 O.OObl 
0.020 0.0 PIC' 0.0179 0.01112 
".0'50 0.0271 0.OH7 0.0~7Q 
O. 110 0.OS20 o. Otd /I 0.OS2b 
O.?OO 0.08bll 0.OQ98 0,0876 
0.3130 0.1517 0.1723 0.15'13 
0.b80 0.2S9b 0.2893 0.2b"9 
0.1)80 0.3707 O."OSII 0.3788 
1.2dO O. /ISla 0.5205 0."'1"1 
I. S80 0.5957 0.b]49 0.6099 



























0.0 0 07 0.0000 




0.01 t3 0.0003 
0.0 I 115 0.0003 
0.0175 0.00011 
------------------------- - -~-~-------~-------~-----------,----------Parameter 
Varied None Pb Sr· P'b & Sr 
T W1 
-~-~------~-~~-~------------------------








0.01.15 O.OObl 0.006/1 
0.020 0.011.12 0.0157 
0.050 0.0277 0.0309 
O. \10 0.0520 0.0579 
0.200 0.08bll 0.0953 
O.JdO 0.1517 O. I b511 
0.b80 0.2'HIS O.27Sq 
(\.Q80 0 • .5107 0.3'1211 
1.280 0.1.1830 0.'5052 
1.5130 0.5957 0.b175 









0. lI l1b7 0.lIbb6 
0.5509 0.5705 

























Varied None Pb .S I. PfJ & S I , ---_-____________________ --I:._-----___ J:.... _______________ _ 
W1 W3 Wg 
O.Oll~ 0.0001 O,OOell 0,0008 
v.olO 0.1\1112 0.0157 0.0155 
0.050 0.0277 0.0309 O.O"JO O 
(\.110 0.0520 0.0579 0.0559 
O.ClOO 0.0~01l 0.01153 0.0925 
0.J80 0.1517 0. I bS" 0.1 b 18 
0.0 110 0.259b 0,2789 0.2703 
0.9dO 0.3707 0.H2/1 o.Hlll 
1.~80 0.'1830 0,5052 0.5116 
1.'Seo 0.5957 0.0175 O,bns 





















































-------------------------------------------- ---------~---~ Parameter 
Varied None PiS. Pb
l & S --------------~----~--------... ---------------








0.005 O.OObl 0.0057 0.0053 0.0050 -0.000" -0.0007 0.0001 
\l.oeO 0.01112 0.012.1 0,0128 0.0111 -O.OOlb -0.0013 0.0001 
0.0,0 0.0277 0.02112 0.0,,52 0.0220 -0,00311 -0.002'1 0, 0,) 01 
O. 110 0.0520 O.OlleO a.01l77 0.01121 -0.0058 -0.0041 0.0002 
0,200 0.08611 0.0175 0.07'111 0.0713 -0.0085 -O.OObb 0.000 .. 
0.J80 0.1517 0.138.1 0.11100 0.127b -0.0129 -0,0112 0.0005 
0.01:10 0.2596 0.21110 O.lIlOO 0.e230 -0.0170 -0,018S 0.0008 
O.qdO 0.3707 0.1511 O.j1l20 0.]250 -0,0187 -0.0210 0.0009 
1.280 0,'1830 0.1.1/:),,5 0.11407 0.U299 -0,0177 -0.0355 0.0008 
1.':idO 0.5q~7 0.5798 0.':1509 0.53b" -0.0152 -0,0",,1 0.0007 
1.8130 0.7089 0.b901 O.b5SI1 0.b437 -0,0122 -0.OSi9 0.0005 
TABLE ll.--Continued. 
----------~---------------------------------~----~---Parameter 
Varied None Pb ' Sr' Pb ' & Sr' ~-------~------------------~~--~~-------~,---~~-.---, 
loll 1018 101 9 10127 
Effects 






















































































Varied None Pb n . Pb & n 
---------------------.-~--------~-----~--~----~-----,~--~----.---









































0,0090 0.0003 0.OU2b -0.0000 
0,0195 0.0018 (').O():Jb 0.0003 
0.03bO 0.00111 0.00119 0.0003 
O,Obllll O.OObl 0.0003 0.0002 
O.IOl'! 0.009" 0.0077 0.0005 
0.1758 0.01115 0.0090 0.OCl08 
o .een 8 U.020b 0.0110 0.0011 
0. 11 072 0.0230 0.0129 0.0018 
0.5215 0.02115 0.01110 0.0023 
0.b352 0.02'111 0.01S1 O.OO~& 
0. 71183 0.0230 0.0158 0.0030 
TABLE ll.--Continued. 
-------~----------~-~~-------~---~--------~--------~--, Parameter 
Varied None Pb n' Pb & n' 
-------------------------~-----~--~---~------------... -------~-~--~ Effects Effects Inter-
loll 101
3 
1-1 10 1-129 of Pb of n' action 
----------------------.--.... -... --..---~---....... ---...-... -----~------~-~ 
(J.OOS O.OObl 0.00011 0.0032 0.0035 0.0003 -0.0029 0.0000 
1J.1l~0 0.01112 0.01157 0.0(l97 0.0113 0.01l10 -O.OO'lq 0.1l001 
0.050 0.0277 O.030Q 0.0220 0.02119 O.OOla -0.01l59 -0.0001 
0.110 0.0520 0.0579 0.U(l1I9 O.OU98 O.OOSU -0.0070 -0.0005 
0.200 0.08014 0.0'153 0.0779 0.0853 0.0081 -0.0092 -0.0 007 
0.380 0.1517 0.10511 o .Ill 1 7 0.1528 0.012/j -0.0113 -0.0013 
O.ObO 0.25 9 0 0.278'1 0.2U81:1 0.2b37 0.0172 -0.0131 -0.0021 
O.QdO O. '1707 0.H211 0.1591 O. J7511 0.0190 -0.0141 -0.0027 
1.2dO 0.IIt330 0.5052 0.11706 0."8&0 0.0190 -0.015~ -0.0032 
1.580 0.'5957 0.0175 0.5832 0.5978 0.01 8 2 -0.0101 -0.003& 
I • ~dll 1l.7089 0.72 9 5 O.bQS Q 0.7086 0.010& -0.01&9 -0.00110 
TABLE ll.--Continued. 
---~--------------~--~--~~---.--------~-~---------~~~ Parameter 
Varied None Pb Ky P.b & Ky 
~~---------~-~---------~----------------~---------~--~-----~~ 














































































__ ~~~_~~:' ____ ~L.._ .. _~i~ __ 2~-!-K~ ______ -__ _ 
Effects Effects Inter-
10/ 1 10/ 3 10/) 1 10/ 31 of Pb of Kv I action 
---------~-----------------------~----------~~----. 
0.005 O.OOtl1 O.OObl.l 
u,OiO 0,0142 n.01S7 
v,050 0,0277 0.0109 
0,110 0,0510 0.0579 
O,?OO 0,0804 0.0953 
0,'580 o ,I ~ 17 0.105L1 
O,&SO 0,259& 0,27B9 
O,qBO 0,3707 0.]924 
1.280 0,4830 0,5052 
1.560 0,5957 0,0175 
1.1100 0,7uS9 0,7295 
TABLE ll.--Continued. 


































-----... ------------.-....-.--..-.......----------...... ~~-----.. -~--------....-.-
Parameter 
__ ~a~~ ____ N_o_n_e _____ ~ _____ ~i _____ ~~~~_I __ ~ ______ • 
10/1 10/8 101 11 101 32 
Effect 
of Pb I 
Effect 





0.005 O.OObl 0.0057 O.OObl 
O.OiO 0.014l 0.0123 0.0142 
0.050 0.0277 0.0242 0.027q 
o. 110 0.0520 0.0400 0.052b 
0.200 0.08bLl 0.0775 0.0117& 
O.'5tlO 0.1517 0.1383 0.1543 
0.080 0.259& 0.2410 0.20 119 
0.9dO 0.3707 0.151 I 0.3788 
1.2~0 0.41130 0.Llb1.l5 0.Ll9"1 
1.5BO 0.5957 0.5798 0,bn99 






























O. ° 1 74 0.0091 





Varied None Sr n .Sr & n 
----------------------------~--------~------------------------------------








0,1)05 O.OObl 0.0053 0.0087 0.0077 -0.0009 0.0025 -0.0001 
(J.ni!O 0.014i 0.0128 0.0175 0.ll158 -0.0010 0.0031 -O.OUOI 
u.050 0,0271 0.0252 0.0'523 0.0293 -0.0028 0.0043 -0.0003 
t). 110 0.0520 0.0477 0.01581 0.0531 -0.0040 0,0058 -0.0004 
iJ.200 0.08ClIl ll.07 9 4 0.09lb 0.0559 -0.0224 -0.0082 -O.OI!:14 
v.380 O. t 5 t 7 0.1"0 (I O.lbOS 0.14179 -0,0122 0.0084 -0.0004 
t). b80 0.2S9b 0.2400 0.2&99 0.2492 -0.0201 0.0 0 98 -0.0005 
0.980 0.1707 0.3428 O.jlli/j 0.1527 -0.0285 0.0105 -0.000& 
1.280 0.4830 0.41.1b7 0.49<17 0.il571 -0.0109 0.0110 -0.000/) 
1.580 0.5957 0.5509 0.00~1 0.15&18 -0,045& 0.011 & -0.0008 
l.b80 0.1069 0.0554 0.1217 0.bOb7 -0.05112 0.0121 -0.0007 
TABLE ll.--Continued. 
-----~------------------~--------------------~-~---~-----~--------Parameter 
Varied None Sr nl Sr & nl 
--------------~------------------------~-~-----~----~-------------








0.005 O.OObl 0.0053 0.0012 
O.OiO 0.0142 0.0128 0.0097 
1).0150 0.0277 0.0252 0.01'20 
I). I 10 0.0520 0.0477 0.0449 
0.200 0.n8&" 0.079L1 0.0779 
0.3£10 o. lSI 7 0.1400 0.1 u 1 7 
O.bilO 0.2590 0.2400 0.2L1do 
0.980 O. H07 0.jI.l2/\ O. j5<H 
1.280 0,4810 0.<14&7 0.11708 
1.580 0.5957 0.550Q 0.51132 
1.880 0.70BQ 0.0554 0.005'1 
0.0028 




o. t 3 \ 0 
0.2302 
0.5325 




























---------..-..--------------. ...------_ ...... - . ------'--_. -.-- . ~----.--- .. -------~ 
Parameter 
~_v:~!;~ __ ~~O~!~_~~. _____ ~.~: _____ .:~I~~_~~ _____________ -______ __ 








0.005 O.OObl 0.00b8 0.0087 
O.OeO 0.01 11 2 0.015'5 0.0175 
0.050 0.0277 0.0300 0,0321 
0.110 0.0520 0.0559 0.05B1 
0.200 1).08bll 0.0925 0.093& 
O.HO 0.1517 0.1&18 0.1005 
0.b80 0.259& 0.27&1 0.2b99 
0.9130 0.3707 0.39"2 o .lS18 
1.280 0."810 0.51H 0.49"7 
1.580 0,5957 0.&335 0.0061 
1. "BO 0.7089 0.7538 0.7217 
TABLE ll.--Continued. 
0.0098 

































Varied None Sr Ky . Sr & Ky 
-.-... ..... ~~-~----~-------------------~-----------~----~--~---








0.005 O.OObl 0.0053 O.OObl 0,0051 -0.0008 0.0000 0.0000 
O.ocO 0,011.12 0.0128 0.0141 0.01l7 -0.00111 -0.0001 -0.0000 
0.050 0,0277 0.0252 0,0275 0.0250 -0.0025 -0.0002 0.0000 
0.110 0.0520 0.0'177 0.0'514 0,0"71 -0,00 11 3 -0,0000 -0.0000 
11.200 O.OBb'l 0.079'1 0.OA52 0.0783 -0.0070 -0.0012 O.OOuO 
O.l8i) 0.1 C; 11 0.1'100 0.1 '19 I 0.1375 -0.0117 -0.002'; 0,0001 
0.h80 0.259" 0.2"00 0.215"" 0.2351 -0.01 9 " -0.0050 0.0001 
0.Q80 0.:H07 0.1428 0.lb2& 0.3351 -0.0277 -0.0079 0.0002 
1.280 0.'1810 0.4 11 b7 0.01719 0.43&2 -O.OlbO -0.0108 0.0003 
1,580 0.5957 0.5')09 0.'581& 0.5370 -0.0114'1 -O.OIH 0.00011 
1.880 0.7089 0.b55~ 0.091& 0.0392 -0.0530 -0.01.07 0.0000 
TABLE 11.--Ccntinued. 
~-------------------.------.-----... --.-- . -------_., -........ ---------------
Parameter 
_v.:~~ __ .!'>:.; __ ~~_~:.. ___ .:t:.'_:~_, ______ _ 





















































































Varied None Sr Ky . Sr & Ky 
-~~~~-~~---~------------------,----~--.---














































































































--------........ --~---.. ~-~-----...----.-.. ----------~~--------
Parameter 
Varied None Sr K,,' Sr & K ' 
---_________ --....---...-______ ---.-.....___ .... ___ ~..:J.______ ,~~_~ 
W1 W4 Wll W37 





















































-0,0008 0,0000 0,0000 
-0,0014 0,0000 -0.0000 
-0.0025 0,0002 0,0000 
-0,0043 0,0005 -0,0001 
-0.0070 0,0012 -O.OOCiO 
-0,0118 0,002b -0,0000 
-0.0198 0,0051 -0.0002 
-0,0282 0,0079 -0.0003 
-O,03b8 O,OIOb -0.0005 
-0,0453 O,OIH -0,0005 
-0,0541 0,0105 -0,000& 
-----~~~---~------~----~----------------~---~-------.-.---------~--Parameter 




















































O. SA 1b 
0,&91b 
0,00b8 












































---.... ----.-------~~~~~------.. ~--.. ~-----
Parameter 
__ ~~~ __ .~~ ______ ;~ __ ~~ ____ -:S~~~~ ____ , ____ ~ __ .. __ ~ ______ __ 







































































































































































































_~.!:!;.!_~_ D _~'::-----u-W-~w_' ________ _ 
Effect Effect 




























































































~\~ TABLE ll.--Continued. 
F ... : _ ~&:5-~ 
~------- ------~~---------~------------------~---------Pararreter 
Varied None n' Kv. 
~-----.,~----.-...-..-.-------.---... 
T Wl W10 W6 


































































































TABLE l2.--Vertical Penetration of Wetting Front, Main Effect, and Interactive Effect 
at Different Dimensionless Time Steps. 
~--------..-.--------., ...... ----~-----...---.... --Parameter 
Vari ed None Pb. A & Pb 
.... -~-----~----~-.-....-------------------,----Effect 






o.oos 0.2000 0,3000 0.1000 
0.020 0.3000 O.tlOOO 0.11000 
o.OSO 0.5000 0.~000 0,5000 
0.110 0.6000 O.bOOO 0.1000 
0.200 0.8000 0,8000 0.9('100 
0.380 1.1000 0.9000 1.1000 
0.b80 1.1000 1.2000 1,1000 
O.9bO 1.5000 1.1000 1.tlOOO 
1.280 1.7000 I,~OOO l.bOOO 
1.580 t.8000 1.0000 1.7000 




































Va ri ed None A' 
---~--~~----------------~---
Vl V7 


























































0. 9 000 
t,1000 
1.3000 






























~~~ ___ ~ A _~ __ ~_&--S~r ________________________________ ___ 


































































































Varied None A S I 
... 
-.--..--------..-~-~,.-----
T V1 V2 Vg 
A & S ' 
. r 
--- Effect Effect Inter-
V16 of A of Sr' action 
























































0,1000 0.0000 0.0000 
0.1000 0.0000 0.0000 
0.0000 0.0000 0.0000 
-0.0500 0.0500 -0.0500 
-0.0500 -0.0500 -0.0500 
-0.1500 -0.0500 o.OSOO 
-0.1500 -0.051)0 -0,0500 
-0.2000 0.0000 0.0000 
-0.i!000 0.0000 0.0000 
-0.l500 0,0500 -0.0500 




__~~i!2 ___ ~~~ _______ A~ _______ ~_~ _______ ~~~Sr, ________ . 







.... -----...... -------------.... -----~------.... ~---------------..-,~---~-----
O.OOS 0.2000 0.1000 0.2000 
O.(j,20 0.1000 0.1l000 0.1000 
0.0':10 0.5000 O.bOOO 0.5000 
0.110 O.bOOI) 0.7000 0.7000 
O.<?OO 0.8000 O.CfOOO o.tlOOO 
0.'360 1. t 000 I. 10 0 a 1.11)00 
O.btjO \.3000 1.3000 1.31'100 
O.QIlO 1.5000 1.5000 1.50011 
1.280 1.7000 l.bOOO 1.7000 
1.51:10 I.BOOO 1.7000 1.8000 
1.880 2.0000 1.8000 1. 9 001) 
TABLE 12.--Continued. 
O.lOOO 

































..:'~~~ ___ ~_____ A' _ Sr ' 
V1 V7 Vg 










0.005 0.2000 0.3000 0.2000 0.1000 0.1000 0.0000 0.0000 
u.otO 0.3000 1l.1I000 0.1000 0."000 0.1000 0.0000 0.0000 
0.050 0.5000 O.bOOO 0.5000 O.bOOO 0.100 a 0.0000 -0.0000 
O. I 10 O.bOOO 0.7000 0.7000 0.7000 0.0500 0.0500 -0.0500 
0'.20 n 0.8000 0.'1000 0.8000 0. 9 000 0.1000 0.0000 0,0000 
O.lbO 1. 1000 1,1000 1.0000 1.1000 0.0500 -0.0500 0.0500 
0.b 60 l.lO00 1.3 a a a l.l000 1.1000 0.0000 0.0000 0.0000 
0.9811 1.5000 1.5000 I. So a 0 1.5000 0.0000 0.0000 0.0000 
1.280 1.7000 l.bOOO 1.7000 I. bO 0 0 -0.1000 i).OOOO 0.0000 
1.580 1.8000 1.7000 1.9000 1.7000 -0.IS00 0.0500 -0.0500 





Varied None A' n, ~' & n 
-------------~---~----~~--~~~-------~--~~-~~------.-------------











J. 110 O,bOOO 
0,200 0.8000 






































1,70 a a 
l,dOOO 
-Pa~a;;re-;'---------~----"'-"""--------"'--'--"------























~------------~----------~-------.-------- --~~~-~~--~ Effect Effect Inter-
V1 V2 V6 V20 of A of Kv action 
---~--------------~----------~---------~--~------~----------------
0,005 0,2000 0,1000 0,2000 
O,n20 0,1000 O,ijOQCI 0,1000 
0, ,15 a 0,5000 0,5000 O,5nOo 
0, 110 O,bOOtl O,bOOO O,bOOO 
0,200 0,8000 0,8000 0,8000 
O,,§SO 1,1000 O,QOOO 1,0000 
i),bRO 1,3000 1,2000 1.3000 
0,980 1,5000 1,1000 1,'IOon 
1,280 1,7000 I,sono l,bOOO 
1,580 1,8000 I, bOO a 1,7nOo 
1,880 2,0000 1.7000 1,9000 
0,1000 
0.'1000 

































Varied None A K,'· A & Kv' 
-----------~--~---------~--~-~~-----~--~~------------~.-~-~ 








O,I}OS O,lOOO 0,1000 0,2000 
0.020 0.3'11.10 0,'1000 0.3000 
0,050 O,SOOO 0.'5000 0,5000 
o ,II a O. bliOO O,bOOO 0,7000 
0.200 0,8000 0,8000 0,0000 
0, J80 I, 1000 0.9000 1.100 0 
O.b~O 1,1000 1,2000 1,3nOO 
0,Q80 1,5000 1,!000 l,bOOO 
1,280 1,7000 1,15000 1,7000 
1,580 1,8000 l,bOOO l.qoOO 




































_i~~~-..32~ _______ ~ ________ ~ ______ -:~.!~ __________________ . __ -_____ ___ 
0,005 
0,020 

















































































Varied None A' K ' v .A' & Kv' 
--------------~------.~-------------------~-~-~-----~------~--------












































1.7000 1. 7 000 
l,qOOO l. b OOO 








































------------~-----~~ . .--------~-----~----~----------~~-------Parameter 
Varied None Pb Sr 
---------------------~-----.-----~--, 
V1 V3 V4 









0.ou5 0,2000 O.lOOO 0.2000 
0.020 O.JOOO 0.4000 0.3000 
0.0';0 0.15000 0.5000 0.5000 
Ii. 110 O,bOOO 0.7000 0.7000 
0.200 0.8000 o.qOOO 0.8000 
o. HO 1.1000 1.1000 1.1000 
0.080 1.3(100 1.3000 1.11100 
o.qeo 1.5000 1.'Ioon 1.5000 
1.21;0 1.7000 l.bOOO 1.7000 
I. 'Sen 1.8000 1.7000 1.8000 




































Varied None Pb Sr' . .Pb & S ' _____________________ -. _____________ .. .-.--:.r-~ .. __________ -___ _ 
Effect Effect Inter-
V1 V3 Vg V25 of Pb of Sr' action 
0.005 0.2000 0.3000 0.2000 0.3000 O. 10 0 0 0.0000 0.0000 
O.OtO 0.3000 0.'1000 0.:S000 0. 4 000 0.100 a 0.0000 0.0000 
0.0,)0 0.5000 0.5000 O.~OOO 0.'5000 0.0000 0.0000 0.0000 
0.110 O.bOOO 0.7000 0.7000 0.7000 0.0500 0.0500 -0.0500 
0.200 0.8000 o.qOOO 0.8000 0,8000 0.01500 -n.0500 -0.0500 
().300 1.1000 1.1000 I.onoo 1.1000 0.0500 -0.01500 0.0500 
II. adO 1.3000 1.3000 1.3000 1.3000 0,0000 0.0000 0.0000 
0.Q60 1.5000 1.'1000 1.5000 1.'1000 -0.1000 0.0000 0.0000 
1.2 e 0 1.7000 I. bOOO 1.7000 l.bOOO -0.1000 0.0000 0.0000 
1.580 1. BOOO 1 .7000 1. qo 0 0 1.700 a -0.11500 0.0500 -0.0500 
I. t' 8 U 2.0000 1.8000 2.0000 l. d OOO -o.cooo 0.0000 0.0000 
TABLE 12.--Continued. 
Parameter 
Varied None Pb' Sr. Pb' & Sr 
---------------------------.-------------~----~----~--------~-~--------
V1 VB V4 V26 
Effect 






(1.005 0.2000 0.2000 0.2000 0.2000 0.0000 0.0000 0.0000 
0.020 0.3000 0.3000 0.1000 o.lOOO 0.0000 0.0000 0.0000 
o.o)~o 0.5000 0.'1000 O.~OOO 0.4000 -0.1000 0.0001) 0.0000 
0.1 In O.bOOO 0.0000 0.7000 O.bOOO -O.OSOO 0.0500 -O.OSOO 
0.200 0.8000 0.8000 O.dOOO 0,8000 0.0000 0.0000 -0.0000 
0.180 1 • 10 a 0 1.1000 1.1000 1.1000 0.0000 0.0000 0.0000 
0.b80 1.3000 1. LlOOO 1.3000 1. 4 000 O. 1000 0.0000 0.0000 
0.980 1.~000 l.bOOO 1.5000 I. bOOO O. 1000 o.ooou 0.0000 
1.280 \ .7000 1.9000 1.7000 1.8000 0.1500 -0,0500 -0.0500 
1.'580 1.8000 2.0000 1.8000 2.0000 0.2000 0.0000 0.0000 






















0,005 0,2000 0.2000 
O.o.?O O,30uo 0.3000 
0.(\,0 0,5000 0,11001') 
O. I 10 O.bOOO O.bOOO 
0.200 0.8000 0.8000 
0.380 1.1000 1,1000 
O.obO 1.3000 l,ilOOO 
O.CiSO 1,5000 l.bOOO 
1.2130 1.7000 I.CiOOO 
1.5BO 1.8000 2.0000 





















I. QO OO 
2.0000 
























-1!:2.~ ___ ~! __ ~_~_:..._-!..t>2.:2.- _________ _ 








O.OOS 0,2000 0,3000 0,2000 
O.Oco o.JOoa 0."000 O,loOO 
1).050 0,5000 0,5000 0,"000 
O. II 0 O,bOOO 0.7000 O.bOOO 
0,200 0.8000 0.9000 0,7000 
0.380 1,1000 1.1000 O,CiOOO 
o.~,;o 1,3000 1,3000 l,lOOO 
o.qeo 1.5000 1,"000 1,"000 
1.280 1,7000 l,bOOO l.bOOO 
1.';/\0 I • ~ a 00 1,7000 1.8000 




































Varied None Pb n' 
------------------------~~,---------
V1 V3 VlO 











0.005 0.2000 0.3000 0.3000 0.3000 0.0500 0.0500 -0.0500 
0.020 0.1001) O,uooo 0.11000 0. 14 00 0 0,0500 0,0500 -0.050il 
0.050 0.5000 0.5000 O.bOOO O,bOOO 0.0000 0.1000 -0,0000 
0.1111 O,bOOO 0.7000 0.8000 O.bOOO 0.01500 0,1500 
-0.01500 
0.2 0 0 0./1000 0.9000 0.9000 0. 9 000 0,0500 0,0500 -0.0500 
O.~ilO 1. t a a 0 1. I 000 1,2000 1,1000 -0.0500 0,0500 -0,0500 
O.hIlO 1.1000 1.3000 I.UOOO 1.3000 -0.0500 0,0500 -0.0500 
0.Q80 1.15000 1.14000 l.bOOO I.!:IOOO -0.1000 0, 1000 0.0000 
I. 200 1.7000 1. bOO a 1,70 \1 () l.bono -0.1000 0.0000 0,0000 
1.580 1,11 000 1,7000 1,6000 1. 7 000 -0,1000 0.0000 0.0000 
I.Fl80 ?OOOO 1.8000 2.0(lOU l.llOOO -0,2000 0.0000 0.0000 
TABLE 12.--Continued. 
-------------------------------------~------~ ---------------Parameter 
Varied None Pb Ky Pb & Kv 
-----------------~~~--~-~-------------~--... --------~~~ 








0.0 05 0.2000 0.3000 0.~000 
O.ocO 0.3uuO O.UOOO 0.3000 
O.O~O 0.5000 O.SOOO 0,5000 
0.110 O.bOOO 0,7000 O.bOOO 
0.2UO 0.8000 o.qOOO O,~OOO 
o. ~c!0 1.1000 1,1000 1.0000 
O.hoD 1.3000 l.l000 1.3000 
O.CiOO 1.'5000 1.14000 1,11000 
1.260 1,7000 1,bOOO t,bO OO 
I, S80 1.8000 1,7000 1.7000 
1.11130 2.1)000 1.8000 1,9000 
0.3000 0,1000 
0. 4 000 0.1000 
0.5000 0.0000 
0,7000 0, 1000 
































------------~~~---------.----~-~------.------~---------------------~ Pa rameter 
Varied None Pb Kv' . 'Pb & Kv' 
-------.---------------------------------~-------------------------~-~.-








0,0015 O.cOOO 0,3000 0,2000 0,3000 0,1000 0,0000 0,0000 
1l.0tO 0,3000 0,'10110 O,l()OO O,/,jO(lO 0,1000 (),OOOO 0,0000 
0,050 0.5000 o,sooo 0,5000 0.5000 0,0000 0,0000 0,0000 
0.110 O,bOOO 0,7000 0,7000 0,7000 0,0500 0,0500 -O,n500 
0.200 0.8000 O,qOOO 0,8000 n,qOOO 0,10 a 0 0,0000 0,0000 
0.J8CJ I. I 000 1,1000 t,l000 1,1000 0,0000 0,0000 0,0000 
II, be! 11 1,3000 1.3000 1,3000 1,3000 0,0000 0.0000 0,0000 
O,qbO 1,5000 1,4000 1,1:1000 1, SOOO -0,1000 0,1000 0,0000 
I • 2~0 1,7 a a a 1.1:1000 1,7000 l,bOOO -0,1000 0.0000 0,0000 
I.SdO 1,6000 1,7000 I, qOOO I,HOO -0,1500 0,0500 -0,0500 
I.AMO 2,0000 1.6000 2,0000 I ,tl 00 a -o,cOOO 0,0000 0,0000 
TABLE 12.--Continued. 
-----------------~----.-~---.... ---.... -......... -----'~~~---.. ----------
Parameter 
Varied None Pb ' ~v' . .Pb ' & Kv' 
-----------------------------~--~~--~--~-~~------
V1 Va Vll V32 
Effect 






0,1'05 0,2000 0,2000 0,2000 
0,020 0,3000 0,3000 0,3000 
O,OSO 0,5000 0,4000 0,5000 
0.110 O,bOOO 0,1:1000 1),7000 
0,200 0,6000 0,8000 0,8000 
0, ~8(' 1,1000 1,1000 1, I 000 
0,600 1.3000 1,11000 1,5000 
o,qeo 1,5000 I,~OOO 1.0(100 
I, ?/IO 1,7000 !,rtooo 1,7000 
1, .,bO I,AOOO 2,0000 I, qoOO 




































Varied None Sr n ,Sr & n 
-----------------~-------~~------------------------~----------------~---








0,005 0,2000 0,2000 0,2000 0,2000 0,0000 0,0000 0,0000 
0,020 0,3000 0,3000 0,3(')00 0,3000 0,0000 0,0000 0,0000 
II,OSO 0,5000 0.5000 0,40ilO 0,"000 0,0000 -0,1000 0,0000 
0,110 O,bOOO 0,7000 0,1:1000 0,1:1000 0.0500 -0,0500 -0,0500 
ll. 20 0 0.8000 0,8000 0,7000 0,7000 0.0000 -0,1000 -0,0000 
0,380 1,1000 1, 100 a O,qoOO 1,0000 0,0500 -0,1500 0,0500 
0,080 1,3000 1,3000 1,2000 1,2000 0,0000 -0,1000 0,0000 
O.qBO 1,5000 1,5000 1.'1000 1,"000 0,0000 -0,1000 0.0000 
1,280 1.7000 1,7000 l,bOOO 1,1:1000 0,0000 -0,1000 0,0000 
I,SBO 1,8000 1.8000 1.8000 l,bOOO 0.0000 o ,.e' 000 0,0000 
I, R €I u 2,0000 1,9000 2.0000 2,0000 -0,0500 0,0500 0.0500 
TABLE 12.--Continued. 
-p;~~e;-------------~-----------~--~----- ---~-------------
Varied None Sr n' Sr & n' 
---------------------------------------~-----------~~--------------~ 








O,ouS 0,2000 0.2000 0.30uO 
0.020 0.3000 0,3000 0,'100v 
0,0"0 0,5000 0.5000 0,6000 
0,110 O,bOOO ,).7000 0,8000 
O,20n 0.8000 0,8000 o,qooo 
0, :s /:j I) I, 1000 I, 1000 1,2000 
O,btlO 1,3000 1.3000 1,'1(100 
O,QbO 1,5000 1,5000 1,1:1000 
1.280 1.7000 1,7000 1,7000 
1,580 1,8000 1.8000 1,8000 
1,8bO 2.0000 l.qOOO 2,0000 
0.3000 





















0, 100 0 0,0000 
0,1000 0,0000 
0,10 0 0 -0,0000 











--------------~-----~-~-------~~---~~.---~~~-~-~~ Pa rameter 
Varied None Sr' 1). Sr' & T] 
------- .... ---..-----~-----------------..... ...-...-----~---~---~------------~ 








0.005 0,2000 0,2000 
0.020 o ,~o 0 a O,JOOO 
0.050 0,5000 0,5000 
\). 1 10 O,bOOO 0,7000 
0,200 O,BOOO 0,8000 
0,380 1,1000 1,0000 
0,b80 1,3000 1,1000 
0,Q80 1,5000 1,1)0 a 0 
1, (80) 1,7000 1,7000 
I,SdO 1,8000 1,qOOO 







0,7000 0. 7000 
0.9000 1, 00 00 
1.2000 1.2000 
1. '1000 I, '1000 
1. bOOO 1,7000 
























Varied None Sr Kv' Sr & Kv 
----------------------~----------~----------------.-~------------------




O,GOS 0,2000 0.2000 
O,O.? (I u,1000 0.1000 
O,oSO 0,5000 0,5000 
0,110 0.6000 0,7000 
0,200 0,8000 0,8000 
0,380 1,10 0 a 1,1000 
0,b80 1,3000 1,3000 
0.980 1,5000 1.5000 
1,280 1,7000 1,7000 
I, ':)80 1,8000 1.8000 



















1. li OOO 
1.bOOO 
1,7000 







































--~-----------~-------~----~--------~------ . ~~------------Parameter 
Varied None Sr Ky' . :5 r & K ' -------------~--------~-~------~~~------~------------. 









O,oo~ 0,2000 0,2000 0.2000 0.2000 0,0000 0.0000 0,0000 
U,o':O (j.l00D 0,1000 O,jOOO 0,1.1000 0.0500 0,050 0 o,o~OO 
0.0<;0 0.5000 0.';000 0.';000 0.';000 0.0000 0,00(10 0,0000 
0,110 O,bOOO 0,7000 0.7000 0,7000 0,0500 0.0500 -0,0500 
0,200 0.8000 0,8000 0,8000 o.bOOO 0.0000 0,0000 -0,0000 
0.300 1,1000 1, I 000 1.10 0 0 1.1000 0.0000 0,0000 0,0000 
O,beo \.3000 1,1000 1.31100 1,3000 0.0000 0,0000 0.0000 
0,9130 1,5000 1,1)000 1, bOOO 1.5000 -0.0500 0,0500 -0,0500 
1,280 1.7000 1.7000 1,7000 1,7000 0.0000 0.0000 0,0000 
1,'580 1,8000 1,6000 1,9000 1,9000 0.0000 0,1000 0.0000 
I.A80 2.0000 l,qOOO 2.0(100 2,0000 -0,0500 0.0500 0,0500 
TABLE 12.--Continued. 
-------~-------------~---------------~----~~--------------------Pa rarreter 
Varied None Sri I:k ____ ..::.~!~ __________ _ 
Effect Effect Inter-
V1 Vg V6 V3B of Sri of Kv action 
--------------~--~------~~------~---~~--~-------~-------
O.OU'> 0,200u 0,':0(1) (').2000 O,':OOu U,OOOO o.oouo 0,0000 
C,O~O 0,3000 0,3000 0.3000 n,lOOO 0.0000 0.0000 0,0000 
0,0511 0.5000 0.5000 0,'>000 0,5000 0.0000 0,0000 O.OOUO 
0, 110 O.bO(\!) 0.7000 0.0000 O.bOOO o,O~OO -0.0500 -0,0500 
0.200 O.BOOO 0,8000 O.BOOO 0.8000 0.0000 0,0000 -O,OOCO 
0, :5/j·0 I, 1000 1,0000 1, a 0 a a 1,0000 -0,0500 -0,0500 0,0500 
0,680 1,3000 I, ]000 1,3000 1,3000 0,0000 O,ooon 0.0000 
0,q80 1,1)000 1,5000 1,1.1000 l.lIOOO 0,0000 -0.1000 0,0000 
1.280 1,7000 1.7000 l,bOOO I,bOOO 0,0000 -0.1000 0.0000 
1.'i80 1,8000 1.9000 1,1noo 1,00no 0,1000 -0,1000 -0.0000 





Varied None Sr' .K '. • Sr' & Kv' ---------~--~---------~----~--------------------.-----~-------~ 
V1 V9 Vll 
0.005 0.2000 O.cOOO 0.2000 
o.ot!o 0 • .5000 O.JoOO O.JOOO 
0.050 0.50no O.sooo O.SOOO 
0.110 O.bOOO 0,7000 0.7000 
i).200 0.8000 0.8000 0.8000 
0."500 1.1000 1.0000 1.1000 
0.b80 1."5000 1.3000 1.3000 
0.980 1.5000 1.5000 1.0000 
1.280 1.7000 1.7000 1.700n 
1.500 1.8000 1.9000 1.9000 























































Parameter ~~~~ ___ ~~~ ____ ~ ______ ~ ____ ~_:.K~v ____ ~~~ ______________ ~. _______ _ 









0,005 0.2000 0.2000 0,2000 o,COOO 0,0000 0,0000 0.0000 
o,o.?O 0.3000 0,3000 0.:5000 0,3000 V,OOOo 0,0000 0.0000 
0.050 0.5000 0.'1000 0.5000 0,"000 -0.1000 0,0000 0.0000 
O. 110 0.6000 O.bOOO 0.0000 O.cOOO -0,0000 0,0000 0,0000 
0,200 0.8000 0,7000 0,8000 0.7000 -0,1000 0.0000 -0,0000 
O,loO 1,1 0 00 0.9000 1,0000 o,qooO -0,1500 -0,0500 0.0500 
0.680 1.3000 1.2000 1.3000 1.2000 -0.1000 0,0000 0,0000 
0.980 1.5000 1,'1000 1,'1000 1,11000 -0.0500 -0,0500 0.0500 
1.280 1,7000 l.bOOO l,bOOO l,bOOO -0,0500 -0,0500 0,0500 
I,CjoO 1.8000 1.8000 1,7000 1,7000 0,0000 -0.1000 0.0000 
\ .IHIO 2,0000 2,0000 1.'1('100 l,qOOO 0,0000 -0.1000 0,0000 
TABLE 12.--Continued. 
------------.....--...-.... ---------------------..... --~-- ----~~ 
Parameter 
__ i~~~~ __ ~~ _______ ~ _______ ~~ ____ --:_~_~~ ____________________ -______ __ 








0,005 0,2000 0,2000 0,2000 0.2000 0,0000 0,0000 0.0000 
0.020 0.]000 O.lOOO 0,1000 0.3000 0.0000 0.0000 0.0000 
0.050 0.5000 0,'1000 0,5000 0.'1000 -0.1000 0,0000 0.0000 
0.110 O,bOOO 0.0000 0.7000 0.0000 -0,0500 0,0500 -0.0500 
0,200 0,8000 0.7000 0.8000 0,8000 -0.0500 0,0500 0,0500 
O.lIlO I.tOOO 0,9000 1.1000 1. 0 000 -0.1500 0,0500 0.0500 
0.h60 1,3000 1.2000 1, lO 0 0 1.3000 -0.0500 0,0500 0,0500 
o.Qeo 1.50-00 l.ll000 l,bnoO 1,5000 -0,1000 n,1000 0.0000 
1.200 1,7000 l.bOOO 1,7000 1,7000 .0,0500 0,0500 0.0500 
1.51:10 1,8000 1,8000 1,900 0 2.0000 0.0500 O. 1500 0.0500 




~!~:: ___ ~ _____ --n_' _____ ~:_------i.!~------------------~--------






0.005 0.2000 O.lOOO 0.2000 
0.0020 0,1000 0,'1000 0.1000 
O.O~O 0,5000 O.bOOO 0.5000 
0, 110 O.bOOO 0.8000 O,bOOO 
0.200 0.8000 O,~OOO O.BOOO 
0,380 1, ! 0 a n 1.2000 1,0000 
0.b 8 0 1,3000 1.1I000 1,3000 
o.qtlO 1.-;000 I.oono 1,!jOOO 
l,lBu 1,7000 1,7000 1,1:1000 
1.580 1,8000 1,8000 1,70 0 0 















































TABLE l3.--Horizontal Movement of Wetting Front, Main Effect, and Interactive Effect 
at Different Dimensionless Time Steps. 
----------------------~--~--..---------.------.-.-----~~------~--
Parameter 
Varied None . Pb ~ & Pb 
----------------------------------------------------------------~-----











,J. 110 0.5000 
0.200 O.bOO O 
°.180 0.8000 
o .otH) 1.0000 
IJ. q!lO 1.1000 
J .2FlO 1.2000 
1.5ilO 1.3000 
I. ReO 1.1.1000 













O,lDOO 0,0500 0.0500 -0.0500 
0,1.100(1 0,0000 0,1000 0,0000 
0,14000 -0,0500 0,0500 -0,0500 
0,5000 .0,1000 0.1000 0,0000 
O,bOOO -0,1000 0,1000 -0,0000 
0,8000 -0,1500 0,1500 0,0500 
0,9000 -O,lSOO 0,2500 0,0500 
l,tOoo -O,lSOO 0,3500 0,0500 
1,200el -0,1500 0,3500 0,0500 
1,3000 -0.3500 0,3500 0,0500 
1,1i000 -0,11000 0.11000 0,1000 
----------~--~~----------------------~~.--~-----. Parameter 
Varied None A' • P . >" & p -------------------------------~-----------~------------------------------
T Hl H7 
0.005 0,2000 0,3000 
0.020 0,1000 0,1.1000 
O. ,)'SI) 0,1.1000 0,5000 
11,110 0,5000 0,7000 
0.2 0 0 O,bOOO 0,8000 
O.3CjIl 0.11000 1,0000 
O.bOO 1, (')000 , ,lO I) 0 
(I,q80 1,1000 1.500(1 
J,2dO 1.2000 l,bOOO 
1,'SbO 1,3000 1, BOO 0 






































Pa~~;;t;r-----------~~---------------~~--------~---------~---------e ____ ____ 
Varied None $ A & S 
. r • r 
------------------~------------~----~------------~------------~------, 








0.1)115 0,2000 0,1000 O,cnO O 0,3000 0,1000 0,0000 0,0000 
O.OcO 0.1000 0,)000 (I.iooo 0,1000 0,0000 0,0000 0,0000 
O./')~O 0,4000 0.4000 0,4000 0,"000 0,0000 0,000·0 0,0000 
'l. J to 0,5000 0.1.1000 0.5000 n,"Ooo -0,1000 0,0000 0,0000 
o,?uo O.bOOO 0.5000 O.tlOOO 0,5000 -0,1.000 0,0000 -0,0000 
I). ~ /:Ill 0.8000 l),bOqO n,BoOO O,tlOOO -0,200n o,nooo 0,0000 
0.b(1) 1,0001) O.boon I .0 00 a 0,7000 -0,3500 0.0500 0.n500 
O.QMO 1,10 (J 0 0.7000 I, I 000 0,7000 -u.liOOO 0,0000 -0,0000 
1. 2E: i.! 1,20 (I I) 0,8000 t ,20 00 0,8000 -0,4000 0,0000 
-a ,.00 a a 
1,'S60 1.300n O,qOOo 1,3000 0,9000 -0,14000 0,0000 -0,0000 
I • ~lil) 1.11000 O.QOOQ 1 ,Ii 0 00 0.9000 -0,5000 0,0000 -0,0000 
TABLE l3.--Continued. 
-----------------------~----------------------------------------,--~~---Parameter 
Vari ed None A S ' r. A & S ' r 
------7----------------~--~------·-------------------~~~----~--~ 









O.ou'; 0.20·00 0.3000 O.eOOO 0, Hno 0,1000 0,0000 0,0000 
II, llell u,5090 0,3000 0.1000 0,3000 0,0000 0,0000 0.0000 
I) •• ) ':l a 0,"000 0,"000 0.4000 n,IIOOO 0,0000 0,0000 0,0000 
O. Ill) 0,'5000 0.'1001) 0,5000 0.400 0 -0,1000 0,0000 0,0000 
O,20n G,bOQO O.~OOO O.bOOO 0,5000 -0,1000 0,0000 -0,0000 
(J • ~d II <1.80 0 0 O,bOOO 0.8000 0.5000 -0.250('1 -0,0500 -o,nsoo 
I),billl 1,0000 0,0000 0,9000 O,bOOO -O.lSOO -O,OSOO 0.(1)00 
0,Q811 I, 1000 0,7000 1,100 a 0,7000 -0.1.1000 0.0000 -0,0000 
1,2130 1,2000 O.BOOO 1,2000 0,8000 -0,11000 0,0000 -0,0000 
1,5bO \,300U 0,9000 I .lO 00 0,8000 -v,u500 -O,OSOO -0,0500 





Varied None A' Sr A' & 5 r 
-----------------------~~-------------------------------~------------------
H] 





.1. 3/j 0 o.eoon 
O. /)I:i.) 1./hIOO 
I).QIIII 1.1000 
1.200 1.2000 
I. ')B') 1.3000 














































































Varied None A' 5.' A' & S ' _____ - _________________________ -J ____________ t_~--____ ~ __________ ______ 








0.005 0.2000 O.lOOO 0.2000 
O.()~O 0.3000 0.11000 I) • .JOOO 
0.050 O.ilOOO 0.5001'1 1'1.11000 
o. I 10 0.500(1 0.7000 0.5000 
0.20n O.bOOO 0.8000 O.bOOO 
1I.~dO (\.8000 1.0000 0.81'100 
11. bd I) 1.0000 1. !OOO O.QOOO 
,). qdJ 1.1000 I.SOOO I. I 0 a a 
1.?80 1.2000 I. bOOO 1.21'100 
1.0;00 1.3000 I.AOOO 1.3000 
1 • Abl) 1.11000 I.QOOO 1.!t')OO 
o.lOOO 













































Varied None A' n ,,' & n 
---------------~---~--~-~------------~-------------------------~~-








0.005 1'1.2000 0.3000 0.2000 
(\.n~O O • .JOO(\ 0.'1000 0.3000 
1).05·1 0.11000 0.5000 0.1j000 
II. I III 0.5000 0.70tlO 0.5nOO 
,1.2011 (). bOOO 0.8000 0.5000 
O. HI!) 0.8000 1.0000 0.7000 
0.6 80 1.1'1000 1.3000 0.8000 
II. 'Ie lJ 1. 10 a 0 1.5000 o.QoOO 
1.26,-) 1.2000 1.0000 I .00 a 0 
1.5bn l.l000 1.8000 I. 1('\00 
1. t< e ,I l.ilOOO I.QOOO 1.~OOO 
TABLE ]3.--Continued. 
0.3000 





I. I a 0 a 
1.3000 



























Varied None >.. K A & K y y 
-----------------------~--------------~--.---~----------------~---








I). 005 0.2000 0.3000 o.loOO 0.3000 0.1000 0.0000 0.0000 
O.ocO O.JOOO 0.3000 O.J('IOO 0.3000 0.0000 0.0000 0.0000 
(\.oSo 0.(1000 0,11000 0.111'100 0."000 0.0000 0.0000 0.0000 
11. I I () O.liOOD 0.11000 0.5000 o.l/OOO -0.1000 0.0000 0.0000 
0.200 O.bOOO 0.5000 O.tlOOO 0.5000 -0.1000 1'1.0000 -0.0000 
o. seO 0.8000 O.bOOO 0,8('100 O.bOOO -0.2000 0.0000 0.1'1000 
0.680 1.0000 0.0000 o.qnOO O.bOOO -0.3500 -0.0500 0.0500 
i). q/lil 1.10 I) 0 0.7000 1.1000 0.7001'1 -0.11000 0.0000 -0.0000 
1.280 1.2000 0.8000 1.2(100 0.8000 -0.11000 0.0000 -0.0000 
1.5eo 1.3000 0.9000 l.loOO O.qOOO -0.11000 0.0000 -0.0000 





Varied None A' K A' & K y . y 
-----------------------~-------~--------------------~------------~ 








0.00'S 0.2000 0.3000 0.2000 
o.ot'o 1).1000 O./JOOO f).looo 
0.1)':10 O./JOOO 0.5000 0.4000 
1).110 0.5000 0.7000 0.5000 
O.tlOO f).bOOO 0.8000 O.bOOO 
0.~110 0.8000 1.00no 0.81'00 
I). bfiO 1.0000 1.1000 O.ClOOO 
o.QtlO 1.1000 1.5000 I. I 0 a a 
1.2 8 0 1.2000 l.bOOO 1.2000 
I. C;Bu 1.3000 1.8000 1.3000 
1.l'\tiO 1.4000 1.ClOOO 1.11000 
TABLE '3.--Continued. 
0.3000 

































Varied None A K " A. & K ' 
-----------------------~-------~--~-----~--~----------------------------








0.005 0.2000 0,3000 0.2000 0.3000 0.1000 o.ooon 0.0000 
11.0)20 0.1000 0,1000 0,.1000 0.1000 0,0000 0.0000 0.0000 
0.05(1 0.4000 0.4000 0.'1000 n.4000 0.0000 0,0000 0,0000 
0.110 0.5000 0,1.1000 0.5000 0.4000 -0.1000 0,0000 0,0000 
0.20u 0,.,000 0.5000 O.bOOO 0,501)0 -0.1000 0,0000 -0.0000 
D,lan 0.8000 O,bOOO 0.8000 O,bOOO -O.iOOO 0,0000 0.0000 
0,b 60 1.0000 O,bIlOO 1.0000 O.bOOO -0.1.1000 0,0000 0,0000 
o.qilC 1.1000 0.7000 1.1000 0,7000 -0.4000 O.OOCIO -0.0000 
1.280 1.200 i, 0.8000 1.2000 0,8000 -0.4000 0.(1)00 -0.0000 
1.5bO 1,1000 O,qOOO 1,1000 o.qoo(l -0.4000 0,0000 aO.OOOO 
l.fltlO I,/JOOO O,ClOOO 1. '1000 o,QOOO -0.5000 0,0000 -0.0000 
TABLE 13.--Continued. 
~---------------------~~.------------~-~~--~--------------------Parameter 
Varied None A' K ' A' & K ' 
--------------~~----------~---~------~---~----~~--------~--------
H, H7 Hll H23 
Effect 






U,OOS 0.2000 0,3000 0.2000 0,3000 
o.n~o 0.1000 0.400n o.'snoo 0. 4 000 
0.050 0,4000 0,5000 0.4000 0,5000 
0.110 0.5000 0,7000 0.5000 0.7000 
0.200 O.bOOO o.tlOOO O,bOOO O.tlOOO 
0.3(10 O,FoOOO 1.0000 0,8000 1.0000 
0.680 1.0000 1,3000 1,0000 1.1000 
O,qflO I, 1000 1,5000 I. 1000 1.5000 
1,280 1,2000 I. bOO 0 1,2000 l,bOOO 
I,Se.O 1,]000 1.8000 1,10uO 1. 80 00 
1,P-eO 1,/J01)0 l,qOOO 1,11000 I, ClOOO 
TABLE 13.--Continued. 
Parameter 











































0,1)05 0,2000 O.jOOO 0,2000 
fl.ne ll O,JOOO 0,11000 0,5000 
,). ()jO 0.4000 0,50('10 0.4noo 
0.1 loJ 0.5000 0,6000 0.0:,000 
0.200 O.bOOO 0.7000 n.bOOO 
u.380 0.8000 O.QOOO 0.8000 
0.660 1,0000 1.2000 1.0000 
o.qao I. 1000 1,11000 1,10 a a 
1.?tlO 1,2\)00 1,5000 l,inOO 
1.51'10 1.3000 1.bOOO 1.3000 






































Varied l'lone Pb . Sr~ Po & Sri 
-----------------------~~------~~-----,----~~------




































0. 9 000 
1.1000 
1.1000 















~!:!.~ ___ ~~ ___ ~~:-___ !?~_S .. !' ______ , 
T Hl HS H4 H26 
Effect 



































0.2000 0.2000 0.0000 
0.3000 0.3000 0.0000 
0.11000 0.4000 0.0000 
0.5000 0.4000 -0.1000 
O.bOOO 0.5000 -0.1000 
0.8000 0.7000 -0.1500 
1.0000 0.1:1000 -0.2000 
1.1000 0.9000 -0.2000 
l,loOO 1.0000 -0.l500 
1.1000 1.1000 -0.2500 


















































-----~~---~~~----- --~--------~~------~--------~~, Parameter 
Varied None Pb ' Sr: P.b ' & Sri 
-----~~--------~----~ .. ~-~~----------- ,----~------, 
T Hl !:is 
0.005 0.2000 0.2000 
0,020 0,1000 0,1000 
0,050 0.4000 0.1l000 
0.110 0.5000 0,1l00'O 
0.200 O.bOOO 0.5000 
O,ldO 0.8000 0.0000 
0.b80 1.0000 0.8000 
o,qeo 1.1000 O,qOOO 
1.280 1.2000 O.qOOO 
1.580 1.3000 1,0000 







































------------.-- .~-------------~------~--.-----, Parameter 
Va ri ed None Pb n . Pb & n 
---------~.---~----~--~------------.-~--, 




0,005 0.2000 0.3000 
0.020 0.1000 0.1l000 
0.050 O.IlOOO 0.5000 
0.110 0.5000 O,bOOO 
O.ClDa O.bOOO 0.7000 
0,380 0.8000 0.'1000 
O,bill) l.nooo 1.2000 
O.Q80 1.1000 1.4000 
1.280 1.20 00 1.5000 
1.580 1.3000 I. bOO a 


























































































Varied None Pb • n'. eb & n' ~---~-------~---~~~~---,------------~------~--------~""---

































































































___ -.-.... __ .......... _ - SF • ________ ~ __ ...... __ ~~ ____ ~, ________ _ 
ParallEter 
Vari ed . None Pb KY" rb & Ky 
--~------~~--------~--.- .~-.----------~-.---, 
T 

































































































~---~~~~-~---------~-------~~-------.-------~ ... ~---------ParallEter 
Varied None Pb . Ky~ :b !..Ky' _______________ _ 












































































_~~:_~~_~ __ . Ky' .Pb~: Ky,_'_~ ___ _ 
T Hl Ha 
. Hl1 H32 
Effect 


















































































































action Hl H4 
~-~~---------------------, 
0.005 O,lOOO O.lOOO 
O.olO 0,3000 0,3000 
0.050 0,4000 0,4000 
0.110 0,5000 0.5000 
0.200 O.bOOO 0,0000 
0, ~80 0,8000 0.8000 
0.6BO I ,OO~O 1,0000 
0,980 1.1000 1,1000 
1,280 1.1000 1,~000 
1,580 1.3000 1.1000 
1,@80 1.4000 1.4000 
TABLE 13.--Continued. 















































Varied None S ' ~ & ' 

















































































































Va ri ed I~one Sr' 11 • Sr' & 11 
-~-------------~--------~--~ .~-~~-------.--~----------~-------




0.005 0.2000 O.zOOO 
0,020 0.3000 0.3000 
0.050 0.4tlOO 0.4000 
0.110 0.5000 0.5000 
0.200 O.bOOO O.bOOO 
O.~80 0.8000 0.8000 
0.b80 1.0000 0.9000 
O.qeO 1.1000 1.100n 
1.280 1.2000 1.2000 
I. EiSO 1.1000 1.1000 
















































-------~-~~-~---.-----~~~---, .. ----------------, Parameter 
Va ri ed Hone Sr . Ky. ~r & Ky 
.... ---~ .... ------~~-------~-~----~-...-.---... 
























































































-------------..,...---~~~-----------..-.. -.. ... ---------~--.... -------
Parameter 
Varied None Sr K,,'. Sr & Ky' 
-------------...-.-----....~- - - ---.. -..--------------------.-.-----..--'----



































































-------~-----~~----- . .~--~~----.. ~~--, .... ----~--------



































































































Varied None Sr' ~y' Sr' & Ky' 
--------------~----~----~------~--------~------,--~----...... -----~----
H] Hg ~1] H39 
Effect 
of Sr' 
----------~ .... --.~.-....... ----.... -----..-...-,--
0.005 0.2000 0.2000 
0.n20 0,3000 0,3000 
0.050 0,1.1000 0,'1000 
41.110 0,5000 0.5000 
0.2 0 n O.bOOO O.bOOO 
(j.3~0 O.flOOO O.BOOO 
O.bOO 1,0000 0.9000 
0.Q80 1.1000 1.1000 
1.?80 1.2000 1.2000 
I. S80 1.3000 1.3000 





































__ ~!l~~ ___ ~ ________ ~~n"-_____ . 
T Hl H5 
11 & KlI-a 
. ~--- Effect 
































0.005 0.2000 0.2000 0.2000 
0.020 0.3000 0.3000 0,3000 
o.OSO 0.4000 0.4000 0,11000 
0.110 0,5000 0.5000 0,5000 
0.200 O.bOOO 0,5000 O.bOOO 
0.380 0.8000 0.7000 0,8000 
O.btlO 1.0000 0.8000 o.QOOO 
0.q80 1.1000 0.9000 I ,1000 
1.280 1.2000 1.0000 1.2000 
1.151:10 1,3000 1.1000 1.3000 
1.880 1.4000 1.2000 1,4000 
0.2000 
0.1000 

































Va ri ed None n . K ~ 11 & Kv 1 -----------~~---~~-----~------------------------
0.005 0.2000 0.2000 0.2000 o.cooo 
o.oc!o O.lOOO 0.1000 0.1000 0.1000 
0.050 0.4000 0./j000 0.4000 
0.110 0.5000 0.5000 0.5000 0.5000 
0.200 O.bOOO 0.5000 O.bOOO 0.5000 
o.JilO 0.8000 0.7000 o.Bono 0.7000 
O.bOO 1.0000 0.8000 1.0000 0.8000 
\.1000 0.1;000 1.1000 O.C"iOOO 
1.280 1.2000 1.0000 l.iOOO 1,0000 
1.58·0 1.1000 I. I 00 a 1. JoOO 1,1000 
1.8dO 1.'1000 1.iOOO 1./jOOO I. iOOO 
TABLE 13.--Continued. 
-----------~---------~~~-------~--Parameter 































































































































Tab 1 e 1.4. Distribution of saturation, main effect, interactive effect along the axis of symmetry at 
the dimensionless time T = 1.88, when three soil parameters varied simultaneously . 
.........................................•......................................................................................• 
Pararreter 
Varied None A Pb APb S • r AS r ' P S • b r AP b5r ' 
-- .....••.......••.....•.•••..•..••.•.•••.•....••...•..••••...••••••.•..••...•.•••....•••.••.••••••.....•......•....•...•....••• 
z 5) S2 53 S12 S9 516 525 S43 
Effect of 
A Pb S • r 
Interaction of 













0.9000 O,QOOO O.qOOO O,qOOO O,QOOO 0,9000 0,9000 0,8225 0,0000 -O,OOOP -0,0000 0,0000 0,0000 -0,0000 O,OOOt) 
0.6 a07 0,7&23 0,8319 O,~?81 O,816b 0,7492 0,o26~ 0,8225 -0,0035 0,0301 -0,0010 0,0394 -0,0024 0,0016 0,0021 
0. 18 01 O,&b"~ 0,7657 0,7605 0,7746 0,6482 0,1589 0,8225 -0,0633 0,04l& -0,0091 0.0577 -0,0029 0,0019 O,OOl! 
0,727& O,SQb A 0,7076 0,1040 0,7240 0,5835 0,7029 0.82Z5 -0,0699 0,00S2 -0,0068 0.0658 -O,OOZb 0,001' O.OOli 
O.b7QQ 0,~191 0,6S~6 0.&511 0,6 8 11 0,5329 0.6529 0.8225 -0,0471 O,Olq~ -0,0262 0,0473 -0,0270 0,0262 0,0207 
O.olll 0,4774 0,5932 O.bOll 0,6400 O,4~10 0.0019 0,6225 -0,0743 0,0438 0,0074 0,0819 -0,0011 0,0010 0,0010 
0,5746 0,1939 0,5190 0.5403 0,5942 0,4128 0.5407 0,8225 -0,0802 0,0 463 0,0201 O,lOOB -0,0005 0,0009 -O,OOOi 
0,4 9 77 0,2905 0,4016 0,4541 0,S34b 0,3264 0,4475 0,8225 -0,0795 0,0376 0.0392 O,12e2 -0,0012 0,0028 -0,0007 
0,lb15 0,2986 0.i15b 0,3053 0,4352 0,1161 0,2927 O,8l25 -0,0070 -0.0512 0,0550 0,0830 -0,0104 0,0084 0,01'7 
0,l546 0,3218 0,2288 0,2896 0,3265 O,185b 0.3014 O,8l25 O,ObO' -0,0280 0,0668 -O,OOlt» -0,0034 0.0010 0,000' 
0.25b3 0,148] 0,2244 0,3045 0,14.38 0,4249 0,3156 0,82~5 0.0810 -O,OJ5t» 0.0643 -0,005& -0,0051 0,0022 0.0004 
.................................•..............................................................................................• 
Parameter 
Varied None A' Pb A'Pb Sr A'Sr PbS r A'PbSr 
......•.•........•..••.•..•••.•..•.•....•..•..•.• --......•........•......................•......•...•......•......•...........•• 
Effect of Interaction of 













0.9000 O,QOOO O,QOOO 0,9000 0.9000 O,qOOO O,~OOO 0,8382 0,0000 -0,0000 -0,0000 0,0000 o,ooon -0,0000 0,0000 
0.8407 0,8413 0,8319 0,8347 0,8442 0,8441 0,8363 0.8382 0,0013 -0,0073 0,0035 0,0010 -O,d004 0.000 4 -O,OOOt 
0,7801 0,77Q8 O,7b57 0,1675 0,T84t» 0,7831 0,7713 0,8382 0,0001 -0,0129 0,0044 0,0010 -0,0007 0,0005 -0,0001 
O,727b O,723Q 0,7076 0,7048 0,7l9b 0,7244 0,7107 0.8382 -0,0041 -0,0191 0,0017 0,0004 -0,0008 O.OCOS -0,0001 
n,b7QQ 0.&708 O,o5lb O,t»425 O,6b~4 0,6b54 0,~4'9 0,8382 -0,0081 -0,0250 -O,OObb -0,0031 0,0015 0,00l8 -0,0026 
0,0113 0,t»152 O,5 Q32 0,5731 0,6195 0,6004 0,5817 O,838Z -0,0194 -0,03Q7 -0,0133 -O,0018,-o,OOlt» 0,0000 -0,0001 
0.574b 0,5484 O,51QO 0.485~ 0,5507 0,5194 0.~936 0.8382 -0,0125 -0,0601 -0,0273 -0,00]1 -0,0027 -O,OOO~ -~,OOOI 
0.4q77 0,4515 0,403& 0,3207 0,4544 O,397~ ~,34~1 0,8182 -0,0120 -0,11'8 -0,0560 -0,0204 -0,0015 -O,007~ -0,0021 
O,3b15 0.2482 0,2356 0,2047 0,2745 0.1726 0,1799 0,8382 -0.0694 wO,0720 -0,0686 0,0382 0.0027 O.01~7 -0,0030 
0.254b 0,2126 0,2288 0,1945 0,1837 0,\384 0,1562 0,8382 -O,039S wO.0228 -0,0734 0,00]9 -0,0016 -0,0008 0,0000 
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Table 14 • Continued. 
..........................•.....••......................•.....................................•...........................•..... 
Pararreter 
Varied None A' P , b A'Pb' S ' r A'Sr' Pb'Sr' A'Pb'Sr' 
..........................•...••......................................... ~ ........ --... -...... -...... -......••..•....•...•....•• 
Effect of Interaction of 
Z Sl S7 S8 S14 S9 S18 S27 S47 A' P , b S I r ).'Pb' ).'Sr' Pb'Sr' ).'Pb'Sr' 
•••••••••••••••• v ••••• _ •••••••••••••••••••••••••••••••••••••••••••• _ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
i.OOf) O.ClOOO o.qOOO 0.91)00 0.9000 0.9000 O.qOOo o.qOOO 0.Q80q 0.0000 -O./}OOO -0.0000 0.0000 0,0000 -0.0000 0,0000 
1.8ftO e.&~01 0.8413 Oaf'5JO 0.6124 0.8H6 0.8318 O,8~03 0.9&09 -0.0270 -0.0149 0,0895 -0.0279 0.0910 0.OQ31 O.OqlY 
1.600 /)8 7801 0.17 9 8 O. na4 0,51.172 0.7746 0,775] 0.7ql.l'S O.q80Q -0.1114 -0.112b -0,0101.1 -0.1316 -0.0057 -0.0054 -O.OOoi 
1.4'10 O.7Z7b 0.721Q 0,7 4Q 3 0,U818 0.'7'2"0 O.Uh 0,7470 0,q809 -0.1400 -0.1146 -0,0074 -0.1370 -0.0044 -0.0041.1 -0.005, 
1.20/) 0.b79Q 0.670~ 0,1055 0.'10;5 0.&811 0.0738 0,707& O,Q80q -0.lS~4 -0.1251 -0.0017 -0.1512 -0.0011 -0.0018 -O.OO"i! 
1.000 CI.b3tl 0.6152 0.b6J7 0.280" 0.b 4OO 0.026~ 0,6724 0.Q80Q -0.2015 -0,1543 0.006Q -Oel807 -0,0018 -O.OO)~ -O,oo:U 
0.800 0.57"b 0.5(181.1 0.0191 n.Z404 0.5942 0.5723 0,6373 0.980Q -O.ZOlS -0.1130 0.019Q -0.1174 O,OOtO -0.0018 -0.0012 
00 O.bOO O.u'H7 0.451'5 O,'5bbO 0.23'" 0,534& o. Qq7 t 0,5Q7Q 0.Q80Q -0,184~ -O,OhQ 0,0376 -0.1427 O,OO]l -0,0031 -O.OOli 
\0 
0,400 O.lbtS 0.2"82 0,5QS5 O,znQ 0,4352 0,33 4 1 0.5472 0.Q809 -0.c088 0.0714 0,0413 -OelOl' 0,028~ -0,0385 0,02l5 
0.200 0.25"b 0.212., 0,3833 0,2111 0.32e5 0,2en 0,4718 (I •. QeoQ -0,100] 0,0176 0,Oh7 -0,OSQ4 -0,0035 0,0037 -0.00". 
0.000 O.25b3 0.21)bq O,298~ O,llOI 0,3"18 0,1002 0.4020 1),980'1 -0,0007 O,Ohl 0,OQ17 -0,0142 -0,0018 o,oon -O,OO,,#) 
'" o 
Table 15. Distribution of capillary pressure, main effect, and interactive effect along the axis of 




Varied None A P AP S ' AS ' P S' >"P S ' 
--.-... -.-._ ..•. -__ ..... _ ... _~._. ___ .»._ •. ___ ~ __ ._. __ t •• _ •• _.~ •• _. ___ ~r ••• _ •• _._._ •••• _ ••••• _ ••••• _ ••••••••• •••••• _ •••••••••••• 
Effect of Interaction of Z P P P P P P P P ,- '--=-',::....=....:-=::..:..:~..;'-----,---P-, 
c1 c2 c3 c12 cg c16 c25 c43 A Pb Sr APb ASr PbSr A bSr 












1,1313 1.1011 1.~713 1.u314 1.117h 1,089] 1.4529 1,4710 -0.0]48 0.1331 -0.0158 -0.0006 O.OOil -0.0020 0.0001 
l,l307 1.30ZQ 1.5458 1.4678 1.2131 1.2885 1.5238 1.4710 0.0092 0,2483 -0.0177 -0.0640 0,0021 -0,0017 0,0001 
t.l~8q 1.5300 1.02ql 1.5~20 1.3292 1.511\ 1.0053 1,4710 0.0590 0.1547 -0.0197 -0,1215 0.0020 -0.0014 0.000. 
1. 4716 1.7758 1.7073 1.&01~ 1.44qS 1.7506 1.6S1~ 1.4710 0.1211 0.0493 -0.0220 -0.1845 0.0020 -0,0013 O,OOO~ 
\.boul 2.06 QQ 1.7928 1.738; 1.578e ~.0674 1.7615 1.4710 0.217& -O,oe29 -0.0255 -0.2&9& 0.0019 -0.0015 0.000' 
1. 76&2 2.5960 1.9177 1.8~ul 1.7348 ?5b53 1.S811 \.4710 o.3QQ 3 -0.2821 -0.0110 -0.4311 0.0010 -0.0018 0.0009 
2.001 7 3.7717 2.1b54 2.1512 \.QSoS 1.oQ82 2.1070 1.4710 0.8721 -0,7277 -0.0580 -0.8848 -0,0009 0.0017 0.008J 
2.4045 7.7304 2.Qa9; 2.R2QS 2.1504 7.571& 2.7&81 1.4710 2.5737 -i.2185 -0.1070 -2.&799 -0.0093 -0.020& 0.0231 
~.01q5 8.3904 6.12Q4 ~.511i 1.5087 8.]871 7.8289 1.4710 1.1371 0.9275 -0.4479 -3.287& -0.0423 -0.1908 -0.2'&0 
8.1211 8.2000 8.1QQ9 8.189' 7. 9 77' 8.1Q9Q 8.1998 !.~710 0.0653 0.0651 -0.040q -0.0842 0.0318 0.0318 -0,0401 
7.Q'~8 8.0000 8.0000 1.9QQQ 7.Q9Ql 8.0000 ~.OO~O 1.4710 0.0002 0.0002 -0,0002 -0.0003 0.0001 0.0001 -O.OOOi 
.................................................................. --...........................................................• 
Parameter 
Varied None A' Pb A'Pb Sr A'Sr PbSr A'PbSr 
_ •••••••••••••••••••••• _ ••••••••••••••••••••• ___ •••••• _ ••••••••••••••••••••••••••••••••••• _ ••••••••••••••••••••••••••••••• M ••••• 
Effect of Interaction--=o--=f ___ _ 
Z p P P P P P P P " p. 5 "p "5 PS A'PS 













l.l1l} 1.1~S8 1.~733 1.5545 1.1538 1.22h8 1.5000 1.6914 0.0779 0.3532 0,0297 0.0101 O.OObO O.OOlq 0,000' 
l.il07 1.3120 1,5458 l.h483 1.2537 1.34&1" 1.5748 1,6914 0.OQ85 0.3292 0.0323 0.0110 0.0003 0.0037 n,ooo~ 
l.l08' 1.4415 1,6291 1.7022 1.374Q 1,4790 1.6&08 1.6914 0.1094 0,2Qijl 0.0354 0.0110 0,0060 0.00]6 G,0008 
1.471& 1.~62b 1.1071 1.8188 1.5011 1.60 4 l 1.7423 1.6914 0.1081 O.20Q; 0.0]91 0.0111 0.0069 0.0030 C.OOO' 
1.0002 l.h83& 1.1928 1.8Q03 1,618Q 1.7315 1.8332 1.6914 0.0980 0.2014 0.0451 0.0120 0.0075 0.0038 G.OOIO 
1.70~2 1.8270 1.9177 2.0060 1.8104 1.8871 1.9691 1.6Q14 0.0840 0.1703 0.0;72 0.01S2 0.0094 0.0050 0,001. 
i.0017 2.0419 2.1054 2.25QO 2.0b61 2.13~8 2.2492 1.691~ 0.0840 0.201 9 0.0912 0.0295 O.Olbl 0.0125 0.003e 
2.44~5 2.S22h 2.9495 3,b897 2.5841 2.7 436 3.2677 1.6914 0,5914 1.0&&9 0.4111 0.472b 0.1822 0.2308 0.1411 
4.0195 b.2283 8.1294 8.3911 4.9320 7,&371 8.29&8 1.6914 1,3192 2.5996 0.6238 -1,1378 0.0838 -0.53&Q -O,loa. 
8,1211 8.1992 8.19Q9 8,2000 8.1779 8,1999 &.lOOO 1 •• 914 0,0246 0.0249 0.0139 -0.0245 -0,0116 -0.0139 0,0111 
7.Q998 8.nooO 8.0000 8.0000 &.0000 8.0000 8.0000 1.6914 0,0000 0.0001 0.0001 -0.0001 -0.0001 -O.GOOI 0,0001 
\0 
t-' 
Table 15. Continued . 
...... -..........•........•. -.......................•.•...............................•••.....•..•...........•.••.............•• 
Parameter 
Varied None A' Pb' A'Pb' Sr A'Sr Pb'Sr A'Pb'Sr 
---....... -.-.... -.... -.•.•......•........... ---.......... -....•........• -.. -...... _--•.•.........•........•.....•...••... -... -. 








P Cll P C26 
P C45 A' 
Effect of Interaction of 
P , 
b Sr A'Pb ' A'Sr Pb'Sr ,). 'Pb 'Sr 












1,1333 1.IQ58 0.7Q33 0.8311 1.1538 1.~2b8 0.8077 1.73q5 0.057& -0.3532 O.021q -0.0102 0.00~5 -O.OO]q -0.0008 
1,2307 1.312~ O.qIQO 0.bq31 1.2537 1.1Ub7 0.q3&2 1.73q5 0,1881 -0,l140 0.Z80l 0,100& 0.2601 0.l51b 0.l54~ 
1.348Q 1.4415 1.0750. 2.0738 1,314Q 1,47qO 1.0QS7 1.73q5 0.5577 0,1828 0,0354 0.45Q4 O.OllO 0.0036 O,OO~J 
1. 471b 1.5626 1.2482 2.5b30 1.5011 1.b042 1.2728 1.7]q5 0.7178 0.lq49 0.041Q 0.&207 0.014Q 0,0064 o.ooal 
l.b042 1,6836 1,4183 3,Q18Q 1.&38 Q 1.7315 1,"b80 1.73Q5 1.0535 0.79Ql 0,0557 0.q~75 0.0235 0.01Q4 0,010' 
1.7602 1.8270 1.&54R 6,51QO 1.8104 1.8S7t 1,bQ27 1,73Q5 2.5281 2.3448 0,1067 2.0594 0.005b 0.0545 0,0577 
~.00t7 2,0439 1.Q205 8.7802 2,0&81 i.1348 1. Q738 1,71Q5 3,44U8 3.3020 0.0537 3.3Q03 -0.00&2 -0.0250 -0,0184 
1. 44 45 2.522b 2,2S81 8.bOOO 2.5841 2.7430 2.1755 1.1395 3.1Q34 2,8923 0.111 Q 3.0740 -0.0015 -0,0684 -O.O"ll 
".0IQ5 b,2281 2.9030 8,4000 4.Q3iO 1.0371 3~1135 1.7395 3.9244 -0,0001 0,6334 1.4&74 0,0714 -0.5277 -0.1,., 
8.1231 8.1Q92 4.5108 8.l000 8.177Q 8.1999 5.5220 1,7395 1.01~8 -1.5&53 0.2052 1.5&56 -0.l048 0.2374 -0.l37' 
7.99Q8 8,0000 7.4354 8.0000 8,0000 8.0000 7.8553 1.71Q5 0,1774 -0.177J 0.1050 0.1'7J -0,10S0 O.104Q -0.104' 
..........................•.............................................................................................•......• Parameter ' 
Varied ~one A' Pb A'Pb Sr' A'Sr' PbSr ' A'PbSr ' 

















Effect of Interaction of 













1,1333 1,lQ58 1.4733 1.5545 1,1170 1.1122 1.U52 Q 1.&lSb 0. 0 &73 0,3~&q -O,021b 0.0068 -0.00"5 -O,OOiQ -O.OOO~ 
1.2307 1,312b 1.5"58 1.&483 1.2131 1.2867 1.5l18 1.615& 0.0875 0.322& -0,024b O.OOQ' -0.OO~7 -0,0028 -0.000& 
t.34SQ 1.4415 1.6291 1.7422 1,1292 1.4132 1.6053 1.6156 0.OQ79 0.2878 -0.0267 O,OOQ& -0.004Q -0,00l6 -0,000, 
1. 4 71b 1.5&i& 1.7073 1.el&S 1,44Q5 1,5315 1.0814 1.b150 0.09bl 0,l434 -O.02Ql O,OOQb -0,0051 -O,OOl5 -0.0006 
l.b042 1.6~10 1.7Q2A 1.SQ43 1,578e 1,648" 1.7035 l.b150 0.0848 0,lQ70 -0,0330 0.0103 -0.005& -0,0027 -0.0001 
1.1662 1.8270 1.9177 2.0060 1,73U8 1.7836 1.8811 1.015& 0.Ob74 0.1&15 -0,0412 0.0126 -0.0072 -0.0017 -u,OOlt 
2,0017 2,041Q 2.165" 2.25QO 1.95&5 1.7801 i.l070 1.&15& 0.0068 0,2110 -O,112Q 0.07}8 -0.0012 0.0415 0,0481 
2.4445 2,522& 2.q~q5 3.6891 2.3504 2.3770 2.1b81 1,6150 0,3083 0,7173 -0.238b 0.2560 -0,1008 -0,1187 -0.0751 
4,0195 &.228J 8.1ZQU 8,3913 1.5087 4.8008 7,8289 1.0156 1.0770 3,SU16 -0.5641 -0.0735 -0.1584 0,4051 0.3000 
~,lZ31 8,IQ92 e.iQQQ 8.Z000 7,9779 8.1964 8.1 9 98 1.6150 0,0737 0,0758 -0,0370 -0,0736 0.0356 0.0370 -0,0156 
7,Q998 8,0000 8,0000 8.0000 7.999i &.0000 8.0000 1.615& 0.0002 0.0003 -0.0002 -0,0001 0.0001 0.0002 -O,OOOi 
Table 15 . Continued. 
.........•....•.....•....•..•.................•..........•.....•..•.......•....•..•.......•..•.........•..•.. -..... ~ ..........•. 
Parameter 
Varied None A' P , A'P , S ' A'S' P 'S' A'P 'S ' 
••• _ •••••••••••••••••••••••• ~ ••••••• ~ ••••• _~_ ••••••• J • ••••• _b.~ •••••• ~ •• ~ •• _ •••••••• _ •••••••••••••••••••••••••••••••••••••••••• 
P P P P P P P P ::ffect of Interaction of --Z c1 c7 c8 c14 c9 c18 c27 c47 A' P , S ' A'Pb' ),'Sr' Pb'Sr' A 'P 'S ' b r b r 
......•.•........ ~ .....••...•.•...•.. ~ ..•.....••••.............................................................................. 
'" i.ooo 1. t3H 1.lQ58 N O,HH 0,8371 1.ItH 1.1722 0.7824 1.6717 0.0498 -0.3464 -0.0167 -0.0088 -O,OO]IJ O.OOi" 0.000' 
1,800. 1.2307 1.3126 O,·HQO 0.6Q31 1.2131 1,2ett? 0,9058 1.6717 O,l71Q -0.21l't 0,2305 0.0961 0,l4S9 0,2522 O,lSO!) 
1.6no 1.11J8Q 1,4415 1,0750 2,073e 1.3292 I,II1ll 1.05Q2 1.11717 O.Stlli 0,1~10 -0.0222 0,452Q -0,00415 0.0018 -O,OOOi 
1,(,00 1.471b 1.5Ub 1,21182 2,5630 1.4 41 95 1.'5315 1,2295 1,6U7 O,bQ"O 0,H07 -0,02113 0,6125 -(l.OOH 0,0021 0,0006 
1.20n 1.60412 1.118]6 1,4131\3 3,ClleQ 1,5788 1.64184 1.4160 t ,U17 1,0284 0.7896 -0,0254 0,95)q -0.0016 0,00'''' o,oon 
1.0no 1.7bb2 1.8lTO 1.6548 6,5190 1,73118 1,78311 l.b270 1.67\7 2.4792 2,3148 -0.0129 2,4124141 0,01b7 0,02415 O,Ollt 
0,800 i.OO17 2,04H 1,9205 8,7802 1,9565 I,HOt 1.8827 1,6717 3.'t061 3.]Q57 -0.08b4 1,QHZ -0.04"9 0.0661 O,OftU 
0.61)0 2.44"5 2,5126 Z,le81 8,6000 2,350 11 2,3770 2,22110 1,6717 3,I Q81 3,0045 -0,07flO 1,11157 O,OOU 0.04]9 0.029., 
O.ClOO ".0195 6,228] 2.90]0 8,11000 ].5081 4.8008 2,7643 1.6717 1,b5811 0,9775 -0.5191 1.~080 -0,1 9"5 0."499 0,2Ut 
0.200 8.1231 8.1992 4.5"8 8,2000 7,9779 8,I QU ].91190 1,6717 2.0572 -1. 9077 -0.1790 1,"099 0.1776 -0.1050 0,10'" 
0,000 7.Q QQS 8.0000 7,4354 8,(1000 7,999~ 8,0000 0."1'10 1,6717 0,5379 -0.5374 -0.2555 0,5374 0,2555 -0,2552 0,21551 
\0 
\J.) 
Table 16. Infiltration rate, main effect, and interactive effect at different dimensionless time 





Pb '\Pb S ' r "Sr' PbSr ' .\PbSr ' 
..... __ ..... --_ .....•.•••••.•.•.•.••..•••..... _-..... -..•. -.-...... -........ -...........•.•...••••..•...•••.•..•••.••..••.....•• 
T f1 f2 f~ f12 f9 '16 f25 f43 Effect of Interaction of 
.\ Pb Sr' '\P b "Sr' PbS r ' "PbS r ' 












t.l217 2.2992 1.2~72 2.~O~0 1.1040 i.5274 1.4334 1.0020 1.0881 0.0353 O.184~ -0,0118 0.0404 .0,0000 .0,00i] 
0.71\1 0.7 A78 0,787b 0.q779 0.1165 0.854~ 0.8601 1.~b20 O.lJ6A 0.11Ql 0.0723 0,OS9] 0.003] 0.0061 O,OOlS 
0.5~51 O.4i~~ 0.0195 0.6078 0.6011 0.4582 0.6693 1.Ob20 -0.0425 0.1581 0.0441 0.OQ19 -0,0037 0.0068 0.0008 
O.Q7'4 0.2800 0.5264 0.5]t~ 0.5084 0.2Q59 0,5655 1.0620 ·O.0~92 0.1588 0.0121 0.1037 -0,0050 0.0066 0.000' 
O.ulel 0.217] 0.4165 0.467A 0.4b28 0.2287 0,5102 1.0b20 -0.1111 0.1513 0.02&9 0,1014 -0.0053' 0,0059 O,004} 
0.3 Q9 2 0.1700 0,4353 0.4218 0.4259 0.1852 0.46a9 1.0620 -0.1233 0,1462 0.0232 0.1087 -0.0049 0.0053 0,0018 
O.'~l~ 0.lS31 O,al02 0.3941 0.40b4 0.1612 0.4370 1.0620 -0.1258 0.1407 0,0223 0,1112 -0,0034 0,0060 0,000' 
0.17~! 0,t43b O&400a 0.382 4 0.4021 0.1511 0.4264 1.0620 -0.1102 0.1159 0.0212 0.1128 -0.0018 0.0054 0,0044 
0.3714 0.tJ8~ 0.]941 0.3159 0.4013 ~.1454 0.4201 1.0620 -0,1131 0.1325 0,0205 0,114] -0,0042 0.0051 0,0042 
0.3771 0.1349 0.39 09 0.3710 0.4010 0.1 4 18 0.4161 1.0blO -0.1351 0.1100 0,0202 0,1156 -0,0044 0.0008 0,00~1 
0.1771 0.1325 0,38 80 0.368b O.~010 0,1392 0.0130 1.0620 -0.1366 0,1261 0,0199 0,1166 -0,004& 0,0046 o.ooal 
.. -... ~ ........•..•.••.. -.•.....•..•.......... -...............................................•...........••..•.•.••...........• 
Parameter 
_J!~:~ ••••• ~~~ •••••• : ••••••• ~~ •••••• ~!2 ••••• :~ ••••• :~~ t ••••• !~~t .•. _:~p~:r ............ -._ ............ _ .......................... . 
Effect of Interaction of 
T f1 f7 f3 f13 f4 f17 f24 f44 













t.~2t7 1.~93q 1.2872 1.&301 1.0700 t.4~88 1.1315 0.8412 0.1824 0,0031 -0.17i9 ·0.0~02 ·0.0251 0.0025 O.004~ 
0.7111 0.~q97 0,7816 0.q378 0.b407 0.8042 0.7102 0.8412 0.1583 0.05S3 ·0,0850 -0.0171 -0,0111 ·O.OOiO O,OOI! 
0.~5Sl 0.6745 0,&195 0.7170 0.5049 0.&078 0.5ba& 0.8 412 0.1006 0.~5t5 -0,0605 -0,0105 -0.0078 .0.0019 0,0005 
O.47l u O.S582 0,5204 0.SQ71 0.4l38 0.5054 0.4822 0.8412 0.0715 0.04uO ·0,0482 -0.0067 ·O,OOoi -0.0020 0.0005 
O.uJ?1 0.4991 0,4765 0.5333 0.3973 0.4531 0.4379 0.8412 0.05b6 0.0]76 -0.0420 -0.0049 -0.0053 -0.00t6 0.000' 
O.1~q2 0.0535 0,4353 0,4820 0.]085 0.412b 0,4010 0.8412 0.0457 0,0308 -0.0373 -0,0015 -0,0048 -0.0015 0.0001 
~.181~ 0.425& 0.4102 0.a4~2 0,3531 0.3817 0.3187 0.8 4 12 0,0370 0.0248 -0.0345 -0,0022 -0.0044 -0,0012 0,0001 
0.17P] 0.4117 0.4004 0,4331 O,34QQ 0.3171 0.3b98 0.8412 0.0300 0.0197 -0.0335 -0.0013 -0.0040 .0.0010 O.OOOt 
O.371~ 0.40&1 0.1947 0,4229 0.3490 0.3707 0.3646 0,8 412 0.0251 0.0160 .0.032~ -0,0004 -0.0037 -0.0007 O,OOOt 
0.3771 0.Q01Q 0.1909 0,4157 0.]487 0,3&03 0,3611 0.8 4 12 0.0213 0.0132 -O,OlZb 0.0001 -0.0015 -0,0006 0,000, 
0.3771 0.]983 0.3880 0.4102 0.3481 0.3631 0.3585 ~.8412 0,0184 0,0109 ·O,03Z] 0,0005 -0,0031 -0,0005 0,0001 
\0 
~ 
Table 16 . Continued. 
........................•••.•.••.•......•...•••.•.......••••..•••..........•....••......•••.••••••••..••••••.•.••••••.•.•.•••.•• 
Pararreter ' 
Varied None A' Pb' AIPb ' Sr A'Sr Pb'Sr AIPb'Sr 
.--....... -.............•.•.•...•...........•...• --....... -.--..•••.............•......•...••.•••.•......•.•.•.......••••••.•..• 
1 fl f7 fa f14 f4 f17 f26 f45 AI 
Effect of 
P I 
b Sr A'Pb' 
Interaction of 
A'Sr Pb'Sr 
A'P 'S b r 












l.i217 1.b9l9 O.7 Q33 1.e~bb 1.07bO 1.4888 1.0170 0.5662 O.b"48 -O.O~14 -O~0889 0,2023 -0.1279 O,08b4 -O.Oq~i 
0.7111 0,SQq7 0.Q1QO 0.&392 0.6a07 0.8t42 0.55b8 0.56&2 0.0204 -0.OQ3b nO.1S03 -O.ISSb O.ObbO -0.0673 0.018& 
0,~5S3 0.&745 '.O.5~· 0.1289 O,~O"q 0.6078 0,4418 0.5b62 -0.lb81 -0.0508 -0.1~&" -0.i7Ql 0.145" -0.1379 O.ISl, 
0.473 4 0.5582 1.2482 0.2004 0.4338 0.505" 0.3827 0.5&62 -0.l7!7 C~1100 -0.l4a7 -0.3518 0.2019 -0.1985 0.iI4, 
0.4321 0.aQ91 1.438] 0.1555 O.3Q73 O.~S]I 0.3~b9 0,56&2 -0.]4&~ 0.0750 -0.2967 -0.4079 O.iela -0.~5&3 0,2e7~ 
0.399 2 0.4535 1.&Sa8 0.1083 0.3&85 0.4126 0.3359 0.~b&2 -0.4216 0.1407 -0.3503 -0.4708 0.1245 -0.3145 0.329, 
0,3Bl~ O.u25~ 1.9205 0.0869 0.3531 0.3A77 0.1281 0.5bb~ -0.5012 0.21ba -0.4169 -0.540" 0.3937 -0.3835 0,3Q8J 
0,1783 0.~137 2.2883 0.0778 0.14QQ 0.3771 0.1281 0.5&&2 -0.601" 0.1114 -0.5082 -0,6321 0.4861 -0.4151 0.4902 
0,377 4 0.4067 2.Q030 0.012& 0.3"90 0.1701 0.1281 0.5&&2 -0.7&05 0.4b64 -0.6616 -0.7860 0.b401 -0.b294 O,bal' 
0,3771 0.401 Q 4.51b8 0.0&99 0.3487 O.lbbl 0.1281 0.56b2 -1.1675 0.8709 -1.0650 -1.1867 1.043b -1.0310 l.oa1l 
0.3771 0.39A] ',"354 0.Ob13 0.3"81 0.1&31 0.1281 0.5b&i -1. 9000 1.0011 -1,7Q44 -1.q178 1,1135 -1,"2b 1,17'. 
........................•.......•..............................•................•..................•..............•.•.•.•..•.... 
Parameter 
Varied None A' Pb A'Pb Sri A'Sr ' PbS r ' A'PbSr
l 
........ --- ......••.•.•••••••..•••......•.... -..•••..... -... ~ ........ -.-......... -... ~ .. -.-•.....••..•...•..••.•.•.. ~ .... ~.-... . 
Effect of Interaction of 













t.?217 t.~q3q 1.267i 1.b301 1.3646 1.8Q48 1.4]]a 1.0270 0,431] -0000i8 0.1682 -0.0700 0.0237 -0.0037 -0.0051 
0.7111 0,8Q97 O.7!7b 0.9378 0.7765 0.9885 0.8bOI 1.0270 0.179" 0,O~q2 0,0790 -0.020 q 0.0100 0.0019 -0.0011 
0.5553 0.b7q~ 0.6195 0.7170 0.&011 0.7~4q 0.6693 1.0270 0.1151 0.0550 0.0547 -0.0112 0.0070 0.0017 -0.000) 
O.U73~ 0.5582 0,S2b4 0,5971 0.5084 0.&052 0.5655 l.oi70 0.083" 0.041b 0.0427 -0.0074 0.0056 0.0017 -0.0004 
O,~3il 0.OQ91 0.4765 0.531] 0.4628 O.53q~ OaSI02 1.0270 0.0667 0.0406 0.0170 -0,0053 0,00"8 0.0013 -o.oooa 
0,3QQ2 0.4535 0.4353 0,4A20 0.4259 o.a88~ 0.U649 1.(1270 0.0547 0.0336 0.0324 -0.003Q 0.00"2 0,0013 -0.0001 
(I,l~IA O.42S~ 0.~102 0.4492 O.UOba 0.4582 0,4370 1.0270 0.0~53 0.0270 0.029& -0.0025 O.OOlQ 0,0010 -0.000, 
0.3763 0.41]7 0.4004 0."331 0.4023 0.4451 0.420" 1.0270 0.037& 0.0211 0.028& -O.OOlS 0,0010 O.OOOq -0,000, 
0.377u 0.aOb1 0.3941 O.422 Q 0.4013 0.4375 0."201 1.0270 0.0121 0.0175 0.0281 -0.000' 0,0014 0,0008 -0.000, 
0,3771 0,401Q O.lQOq 0.~1~1 0.4010 0.4322 0.4161 1.9270 0.0280 0.0144 0.0271 -0,0000 0,0032 0,000' -0,0000 
0.3771 0.3QSl 0,3880 0,4102 0,401~ 0.4222 0,"110 1,0210 0,0212 0,0135 0,02&0 0,0020 0,0015 O,OOli 0,001' 
'" V1 
Table 16. Continued . 
•.....•.•... --........ -..........................................................................................•............... 
Parameter 
Varied None A' P , A'P , S ' A'S' P 'S' A'P 'S ' 
._ ••• _._ ••• _._ ••••• _ •••••••• f ••••• _ ••• ~ ••••• I ___ •• _._J-~ ••• _-~.J ••• _._R_.t •••• __ •• ____ ._ •••• _._ •••• -. ___ ._ •••••• e ••••••••••••••• 
T 
f1 f7 fa f14 fg f18 f27 f47 A' 
Effect of 
P , 
b S ' r 
Interaction of 
A'P b' A'Sr' Pb'Sr' A' P 'S ' b r 












'.22,7 l.bQjQ 0.7QJJ I.~bbb t.Jb"b 1.8QuA 1.2Q18 0.7009 0.11bl -0.03i7 0.2071 0.21"9 -0.05&~ 0.0952 -O.O~S~ 
0.7111 0.89Q7 0.9190 0.6]Q2 0.77b5 0.Q885 0.6730 0.706Q 0.0187 -0.10Q4 ·O,OOb~ -0,1010 0.084] -0,0811 0,07~~ 
~.5S53 0.6745 1,0750 O.328 Q O,bOll O.734~ 0.5244 0.7069 -0,1641 -0,0691 -0.1032 -0.2Q08 0.1492 -0.15b3 0.1410 
O.~73a 0.5582 1.2482 0.2004 0.5084 O.~052 0.4501 0.7069 -0.2745 -0,0071 -0,1746 -O,165J 0.2070 -0.2156 O,lOlU 
O."J?' O,4Q91 1.4381 0.15S~ 0.4628 0.53 97 0.1146 0.7069 -0.2740 -0.0170 -0.3126 -0.3459 0.3319 -0,3482 0.128' 
O.JQQ2 0.4515 1.65"8 0.108] 0.4259 0.4~eq 0.]879 0.706Q -0. 4252 0.1250 -O.2 Q92 -0.4838 0.3209 -0.3102 O,316~ 
O.381~ 0.4256 1.9205 0.0869 0.40b4 0."582 0,37~9 0.70bQ -0,5055 0,2013 -0,3701 -0,5533 0.3894 -0,1981 0.3854 
0.37~3 0,4137 2.2883 0.0778 0.4023 0.4451 0,3769 0.706 Q -O,b066 0.2967 wO,4621 -0,6457 0,4810 -0.4QO" 0.4715 
Q.17;~ 0.40b7 2.9030 0.0726 0.4013 0.4375 0.1769 0.7009 -0.7661 0.4518 -0.6167 -0,7989 0.6345 -0.6440 0,6310 
0.1771 0.40i9 4.5168 0.0699 0.4010 0.4322 0.]7bQ 0.7069 -1.1715 0.8503 -1,0205 -1.2015 1,0)75 -1.0476 1.0341 
0.1771 0.3981 7.4354 0.067J 0,4010 0.4222 0,3769 0.7069 -1,907' 1.5880 -1,7511 -1.92'1 l,76S6 -S.77S6 1,7656 
\0 
0\ 
Table 17. Volume of water applied, main effect, and interactive effect at different dimensionless 
time steps, when three soil parameters varied simultaneously. 
P;~;m~t;;·····-·······················-··············· .............•.....................•.....•.•.•.....•...........•...•.....•. 
Varied None A Pb APb Sr' XS r ' PbS r ' XPbSr ' 
.......................•...•....... _--....... -... --... -....•....•........... -.•.•.......•........•.........••..... ' .... ' .... --_ .. . 
Effect of In teract i on of 
T W1 W2 W3 W12 Wg W16 W25 W43 X Pb Sr' XPb XSr ' PbSr ' APbSr ' 












O.OO~l o.011a O.OOba 0.0115 0.00b8 O.012b 0.0071 0.0212 0.005a 0.0002 O.Oooq -0,0001 O.OOOi -0,0.000 -OI~OOn 
O.01Q2 0.0151 0,0151 0,0195 0.0155 0.0110 0.0172 0.0212 0,0027 0.0028 O.OOlU 0.0012 0.0000 O,nOOl 0,0000 
0.0277 0.0214 0.0309 0.0113 0.0300 O,022Q 0,0334 0,0212 -O.OOll 0,007Q O,OOi2 o.ooa& -0,0002 0,0003 0,0001 
0.0520 0.0108 0,057Q 0.(I~8a 0.0~5q 0.(1325 0.0&22 0,0212 -0,010 q 0.0115 0,0015 0.0114 -0,000& 0,0007 0.0005 
0.08b4 o.oula 0.0953 0.0935 0.0925 0.oaS7 0,1020 0.0212 -0,0234 0.0107 0.0054 0,0215 -0.0010 0.0012 O.OOO~ 
0.1517 O.ObbS O.l&~a 0.\b02 0,1&18 0.0703 0,176& 0.0212 -0,Oa&9 0.055& 0,0088 0,0411 -0,0018 0,0020 0,0015 
O.2SQb 0,10 4 0 0,278Q O,2b7q 0.27b3 0.10q~ O,2Q71 0.0212 -0.085& O,OQS7 0,0152 0.075& -0.0023 0,0041 0,0031 
O.31P7 O.ta01 0.3924 O.37a7 0.3942 O.l a Sl 0.a179 0.0212 -0.121b 0.1332 0.0208 0,1105 -0,0018 0,0053 0,0041 
O.ij~30 0.1710 0.5052 O.a8tl 0.513& 0.18&1 0.S]7Q 0.0212 -0.1104 0.lb9& 0.02&3 0,14b3 -0,0054 0.006a 0,0054 
0.5957 0.2131 0,&175 0,5871 0,&335 0.2240 0.&573 Q.0212 -0,2134 0.Z054 0,031~ 0.1826 -0,00&9 0,0075 O,006! 
0.108 9 0,14Ql 0,7295 0.&92 Q 0.7538 0.2&1& 0.77&4 0,0212 -0,25&7 0.2aoq 0,037U 0.21Q3 -0,0085 0,0087 0.0071 
........................•..•......................................................................•.................•...•...•..• 
h~oo~r 
Varied None A' Pb A'Pb Sr X'5r PbSr X'PbSr •...•.•..... -- ..........•...•..•.... _- ..•...... -........••..•...•........••.•.... --_ ....•.•.•.•.•.........•....••...•.•..• -..... 
T W1 W7 W3 W13 W4 W17 W24 
Effect of 
W44 x' Pb 
Intera~tion of 













O.OO~I 0,008~ O,OObQ O,onal 0.0053 O.007Q O,OOSb 0.01b8 O.OOlQ o.o~OO -0.0009 -0.0003 -0.0001 -0.0000 O,OOO~ 
O.01~2 0,017Q 0,0157 0.(1187 0.0128 O.olbO 0.0142 0.01b8 0.0031 O,Ootl -0.0017 -0,0003 -O,OOOl -0.0000 0,0000 
0.0277 0.0337 0,030q 0.0358 0,0252 0.0101 0.0282 0.01&8 0.0050 0,002& -0,0010 -0,0005 -0,0004 -0.0001 O,OOOt 
0.05l0 0.0&14 O.OS7Q 0.065& 0,0471 0.0555 0.0530 0.Ol~8 0.0079 o.OOOQ -0,0053 -0.0001 -0.0007 -0,0002 0.000, 
O.08b Q o.oqqa 0,OQS3 0.1066 O.07Qa O.oqOb 0.OS75 0.0168 0~0113 0,0075 -0,0085 -0,0010 -0,0011 -0,0004 0.0000 
0.IS\7 0.t121 0.16sa 0,1831 0.1400 0.lSb7 0,1521 0.0168 0.017a 0.0117 -0.01a2 -0,0013 -0,0018 -0,0005 O.OOOt 
0.25 Qb (I.28Q} 0.278Q 0.305Q 0.2aoo 0.263b 0.2575 O.OlbS 0,0252 O.OlbQ -0.0214 -0.0015 -0,0030 -O,v008 O,OOOt 
0.37 n 7 a.a054 O.]Qla 0,4244 0,1428 O.3bQ5 0.3&23 0.01&8 0.02QS 0,0194 -0.0128 -0.0012 -0,0038 -0,0009 O.OOO~ 
O,ij810 O,~20S 0,505l O.5Ql~ 0,a4b7 0.47au 0. 46&6 O,ot&8 0,0]20 0,0205 -0,0422 -0,0005 -0,0047 -0,0009 0,0001 
n.~qS7 0.614Q 0.6175 0.65&7 0.550Q 0,5787 0.5705 0 .• 01b8 0.0337 O.020Q -0,0514 0.0002 -0,0055 -0.000' O.OOOa 
0.70SQ 0.748& 0,7295 0.7711 0.0554 0.o8iS 0 •• 739 0,0168 0,0145 0,020e -0,0008 0.0010 -O,OOoZ -0,0009 0,0001 
\0 
-...J 
Table 17 . Continued. 
........................................•.................. -.....••................ ~ ....... -•.....................•.......•..... 
Parameter 
Varied None A' P' A'P' 5 A'5 P'S A'P '5 
_. __ • _____ ._.-••••• _ ••••••••• ~ ••••• _ •• 2_ ••••• ~._._._ •• t •••••• 2 •• t ••••• ) •• t •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
T W1 W7 Ws W14 W4 W17 W26 W45 A' 
Effect of 
P , 
b Sr A' Pb' 
Interaction of 













~.OO~l O.OQ~~ 0.00S7 O.OOq] 0.00S3 0.0074 O.OOSO 0.011] 0,0028 0.0002 -O.OOOq 0.0006 -0,0002 -O,OOUO -0.0001 
0.01u2 0.017q O.OliJ 0,0127 O,Oli8 0.0100 0.0111 0.9113 O.OOlQ -0.0034 -0.0015 -0.0016 -O.OOOi 0.0002 0,0001 
0.0277 0.0337 O.02~2 O.01~4 0.0252 0.030J 0.0220 0.0111 -0,0010 -0.009q -0.0025 -0.0066 -0,0001 0.0005 0.0001 
0.05~O 0.0&14 O,04~0 0.0220 0.0 4 77 0.0555 0.0421 0.0113 -0,0073 -0.0217 -0.0041 -O.OISq 0.0000 0.0010 0.0001 
O.O~ba 0.OQ98 0.0715 0.02Ql 0.07Q4 0.090& 0.0113 0.0113 -0.0173 -0.0381 -0.OOb3 -0.0296 0.0002 0.OOi8 0.001 4 
n.15t7 0.1723 O,13S3 0.0411 O.I~OO O,\5b7 0.1276 0,0113 -0,0376 -0.ObQ2 -0.010~ -0.05&3 0,0007 0.0031 0.0026 
0.2590 0.2893 0.2410 O.OSQO 0.2400 0.2&3& 0.2230 0.0113 -0.074& -0.1191 -0.0172 -0.101J 0.0016 O.OO!" 0,004l 
~.17n7 0.40S4 0.1511 0.07&2 0.3428 0.36QS 0,1250 0.0113 -0.1174 -0.1&&8 -0.0241 -0.1481 0,0027 0.0016 0.0067 
0.48~0 0.5205 0.4645 0.OQ29 0,4467 0.4744 0.4299 0.0113 -0.1&31 -0.2131 -0.0315 -O,lQS1 0,0040 0.0098 0,0089 
0.5957 0,6349 0.5798 0.1094 0.5509 0,5787 0.5364 0.0113 -0.2102 -0.2589 -0.0387 -0.2431 0.0054 0.0118 0,0111 
O.7o~Q 0.1488 0,o9bl 0.1225 0,0554 0,&825 0,6437 0.0113 -0.iS91 -0,304Q -0,0'52 -0,29 26 0.007e 0,~147 O,Olit 
...... -.. _-.............•.•.....••.............................•..........•.....•......••.....................•....•......•....• 
Parameter 
Varied None A' P A'P 5 ' A'Sr' P 5' A'P S ' 
___ ._. ____ •••• _._ •• _._ •••••• ~ •• _. __ •• Q •••• _J __ ••• - ••••••••• _b.' •••• __ ~., •• _ ••••••••••••••••••••••••• _ •••••••••••••••••••••••••• 
T W1 W7 W3 W13 1~9 W1S W25 
Effect of 
W45 A' Pb 5 ' r 
Interaction of 
A'Pb A'5r Pb5r ' A'P 5 ' b r 
.. _ .•..•.......•••. -•.•••••.•..•••...•.•••••.•..•.......•••.•..••••....••••..•..•......•.•....•....•....••...•...•.•.•..•......• 











O.OUbl 0.008~ 0.0064 0.0081 O.OObS O.OOQ4 0,0071 0.0205 O,OOll -0.0000 0,0008 -0.0003 0.0001 -0.0000 -0.000& 
0.01ij2 O,OI7Q 0,0157 0,0187 0.0155 0.0197 0.0112 0.0205 0.001~ 0.0012 0.0016 -0,0004 0.0002 0.0001 -0.0001 
0.0277 0.0337 0.030. ~~03~8 0.0300 0.03&7 0.0334 0.0205 0.0058 0.0027 0.0028 -0.0005 0.0004 0,0001 -0.0000 
0.1)520 0,Oe14 0.0579. 0.0656 0.0559 0,0.665 0.0622 0.0205 O,OOQl 0.0052 0.0047 -o.oooQ 0.0006 O.OOOl O.OOO~ 
O.0'~~4 0.0998 0.0953 0.t066 0.OQ25 O~107q 0.1020 0.0205 0.0113 0.0081 0.0074 -0,0011 0.0010 0.0003 -O.OOO~ 
O.'~17 0.1723 0.1654 0.1831 0.1618 0.1851 0,1766 0.0205 0.0208 0.01~8 0,0121 -0.0015 0.0016 0.0005 -o,OOO~ 
O.lSQb 0.~~9] 0.l18Q O.~054 0.2763 0.3115 0.2971 0.0205 0.OJ08 0.0183 0.0201 -0.0017 0.0026 0.0001 -0.0001 
0.3707 0.4050 0.3924 0.u244 0.JQ42 0.4362 0,417Q 0.,0205 0.036Q 0.0212 0.0280 -0.0015 0,0015 0.0009 -O.OOOt 
O..a~]o 0.5205 0.5052 O.5~12 0.5136 0.~59q 0.5379 0.0205 0.0411 0.0224 0.0360 -0.0008 0,0044 0,0010 -0.0000 
~,5QS7 0.63~9 0.~175 0.6567 0,6335 0,6899 O,b573 0.Ol05 0,04&0 0.0210 0,04$6 -0.0018 0,0068 -0.0008 -0,001' 
0.10SQ 0.7486 0,7295 0.7711 0,1538 0.8054 0.7760 0.0205 0,0466 0.02i4 0,0517 0.0008 0.0058 0.0010 -0,0000 
Table 17. Cant 
..........................•...•.................. ---....•........•..... _ ....................•................................... 
Parameter 
Varied None A' P' A'P' 5' A'S' P'S' A'P'S' 
••• _._. __ ••••••••••••• _ ••••• ~ •••••••• 9._ •••• t._ •••• _.t_ ••••• ~._t •••••• ~.t •••• _ ••••• _ ••••••••••••••• _ •••••••••••••••••••••••••••• 
Effect of Interaction of 
T W1 W7 Wa W14 Wg W18 W27 W47 A' P , b S ' r A'P b' A'Sr' Pb'Sr' A'P 's I b r 
............ -...................••...............................•.......................................•.....••.......•....... 
I).nns O.OOel O.ooR" 0.0057 o.ooql 0.OOb8 O.OOqU 0.OOb4 0.0141 0.0031 0.0003 o.oooq 0.0007 0,0002 0,0000 0.000& 
0,020 0.0142 0." t7Q 0.0121 0.0121 0.0155 O.01Q1 0.0134 0.0141 0.0021 -0.0011 0.0014 -0.0011 0,0002 -0.0001 -o,oooe 
o. (''50 0.0277 0,OH1 0.02412 0.01641 0.0300 0.Olb7 0.0262 0.01411 -0,0008 -0.0108 0,0022 -0.0012 0,0001 -O,OOOCI -0,000] 
0.110 0.0';20 O.Ob14 0,0460 0.0220 O,OI5Sq 0.!lbb5 0.0"Q5 O.OlUl -0.007" -0.021& 0,0036 -0.0174 -0,0001 -O.OOoq -0.0001 
\0 
0,200 O.08b 4 o,oeJqa 0.0775 O,02Ql 0.OQ25 O.IOH 0.082 Q 0.0141 -0,0178 -0.0"14 0,0055 -0,0322 -0.0003 -0,001& -0,0011 
00 
1).380 0.1517 0.112] 0.1381 0.04tl 0.lb1 8 0.1857 0.147(6 0.0141 -O,O]QO -0.0751 0.0089 - 0 • 061l" - 0 , 0007 - 0 , 0 ~p -O.OOil 
0.680 0.2SQb O.2l'eJ] 0.2410 O.OSqO 0,27bl 0.3115 0.25b2 0.0141 -0.0175 -0.12Ql O.Ol'lb -0.110~ -0,0014 -0,004q -0.00"1 
0.Q130 0.3707 (1.41(154 0.35\1 0.07&2 O.HU2 0.41302 0,312Q 0.0141 -0.1225 -O.ll1U 0.020] -0.lb08 -0.00241 -0.0069 -O,OOttO 
1.280 0.'i810 0.5205 0.4U5 0.OQ2Q O. SUb 0.5SQQ 0.U Q341 0.0141 -0,170b -0.2318 0.0262 -0.2125 -0,0035 -0.00&7 -0.001' 
1,580 O.5q57 0.&3 4Q 0.5198 O.10Q" 0,&335 0.&8QQ O.&lbO 0".0141 -0,218& -0.2831 0.01'10 -0.2b&4 -0.0010 -O,Olla -0,011' 
1.880 O.70Sq 0.7488 O,&Qbl 0.1225 0.1538 0.8054 0.71Q8 0.0141 -0,~721 -0.1112 0.0391 -0.1118 -0,00S2 -0,0117 -0,011, 
'" 
'" 
Table 18. Vertical penetration of wetting front, main effect, and interactive effect at different 
dimensionless time steps, when three soil parameters varied simultaneously . 
•••••••••••••••••••••••••••••••••••••••••••••••••• __ •• __ •••••••••••••••••••••••.••••••••••••••••••••••••••••••••••• c ••••••••••••• 
Parameter 
•. ~aI1;~ .•.• ~~n: .•.••. ~ .•••••. !~ ...... ::~ ...... ~t~ ••••• ~SI~ •••••• ~~sI~ ••• ~~~:~ ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
T 
V1 V2 V3 V12 Vg V16 V25 V43 
A 
Effect of Interaction of 













0.2000 0.3000 0.3000 0,3000 0,2000 0.3000 0.3000 O.~OOO 0.0500 0,0500 0,0000 ·0.0500 0.0000 0.0000 0.0000 
0,1000 0,4000 0.4000 0.4000 0.1000 0,4000 0,4000 0.4000 0,0500 0,0500 0,0000 -0.0500 0.0000 0,0000 0,(000 
0.5000 0.5000 0,5000 o,~OOO 0.5000 0.5000 0.5000 0,4000 o.ooon O,onoo 0,0000 0,0000 0.0000 0,0000 0,0000 
O.bOOO O.bOOO 0,7000 0,7000 0,7000 0,6000 0,7000 0,4000 wO.0250 0.0750 0,0250 0,0250 -0.0250 -0,0250 O.OeSO 
0.8000 0,8000 0.9000 0.8000 0.8000 0.7000 0.8000 0,4000 -0,0500 0.0500 ·0.0500 0,0000 0,0000 0,0000 0,0500 
1.1000 o.qOO~ l,tOoO t.OOOO 1,0000 O,QOOO 1.1000 0.4000 ·0.1150 0.0750 -0,0250 0,Ol50 0,0250 0,02S0 .0,025& 
',1000 1,2000 1.1000 1.1000 1.3000 l,tOOO 1.3000 0.4000 -0,0750 0,0750 -0.0250 0.0750 -O.Oi50 0.0250 0.Ol50 
1,5000 1.1nOO 1,4000 1.5000 1,5000 1.3000 1,~000 o,aooo -0.0500 0.0500 0,0000 0.1500 O,Q~OO 0.0000 0,0000 
1.7000 1.~OOO \,bOOO l,bOOO 1,7000 1.~non t,6000 O,~OOO ·0,0750 0,0250 0.0250 0,1250 0,Ol50 0.Ol50 0,0250 
t.8000 l,bOOO 1,7000 1,8000 l,qOOO 1,6000 1,1000 0,4000 -0,0150 0.0250 0.0250 0,1750 -0.Ol50 ·0,0~50 0.Ol50 
l.OOOO 1,1000 1.8000 2,0000 l.OOOO 1.8000 l,~OO~ O.~OOO -0,0250 0.0250 O,Ol~O 0,2250 0,0250 -0.0250 -0.0250 
•.......••.......••••.•.•.•••••••.•.•...•.•....••........••....••••.....•.••..•....••.•.•.•••••••..... -._---......•...........•• 
Parameter 
Varied None A' Pb A'Pb Sr A'Sr PbSr A'PbSr ........................••................•.............•......•.•...............................•................•.........•.•• 
T V1 V7 V3 V13 V4 V17 V24 V44 
Effect of 
A' Pb Sr 
___ .=..:In~t=-=eraction of 













0,2000 0,3000 0.3000 0.]000 0,2000 0,3000 0.]000 0,5000 0,0500 0,0500 0,0000 -0,0500 0.0000 0.0000 0.0008 
0.3000 0.4000 0.4000 0.5000 0.3000 0,4000 0,4000 0,5000 0.1000 0.1000 -0.0000 0.0000 0.0000 0.0000 O,OOOft 
0.5000 O.bOOO 0,5000 0.6000 0.5000 O,bOOO 0,5000 0,5000 0,1000 -0,0000 -0,0000 0,0000 0,0000 0.0000 O,OOOn 
0,0000 0.7000 0.7000 o.aooo 0.7000 0.7000 0.7000 0,5000 0.0750 0,0750 0.0250 0.0250 -0,0250 -0.0250 0,0250 
0.8000 o.qOOO 0,9000 0.~000 0,8000 0.9000 0,8000 0.5000 0,0750 0.0250 -0.0250 -0,0250 0,0250 ·0.0250 0,025. 
1,1000 t.1000 1.1000 1,1000 1.1000 1,1000 1.1000 0.5000 o.onoo 0,0000 o.onoO 0,0000 0.0000 0.0000 0,0000 
1.3000 1,1000 l.lnOo 1.3000 1,3000 1.3000 1.3000 0.5000 0.0000 0.0000 0,0000 0,0000 0,0000 0.0000 0,0001 
1,5000 1,5000 1,4000 1,4000 1,5000 1.5000 1.4000 0,5000 0.0000 -0,1000 0,0000 0,0000 0,0000 0,0000 O,OOOe 
1,7000 l,bOOO 1.bOOO 1,5000 1,7000 1,6000 1,5000 0.5000 -0.0750 -0,1250 -0,0250 0,0250 0.0250 -0.Ol50 O.OlS. 
1,8000 1.1000 1.1000 1,6000 1.8000 1.7000 1.6000 0,5000 -0,0750 -0,1250 -0,0250 O,Ol50 0.Ol50 -0.Ol50 0,0250 
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